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AUTHORITY

The original watershed work plan was prepared, and works of improvement have been installed, under the authority of
the Watershed Protection and Flood Prevention Act of 1954 (Public Law 83-566) as amended. This Supplemental
Watershed Plan and Environmental Assessment is authorized under Public Law 83-566 (as amended), and as further
amended by Section 313 of Public Law 106-472 and in accordance with Section 102(2)c of the National Environmental
Policy Act of 1969, Public Law 91-190, amended (42 USC 4321 et seq).

ABSTRACT

The Vineyard Road and Rittenhouse Flood Retarding Structures (FRS) were constructed by the Soil Conservation
Service (now the Natural Resources Conservation Service — NRCS) in 1968 and 1969, respectively, as part of the
Williams-Chandler Watershed Protection and Flood Prevention Project. The flood retarding structures are operated and
maintained by the Flood Control District of Maricopa County (District). Vineyard Road FRS, a 5.5 mile long, 16.5
foot high earth dam, and Rittenhouse FRS, a 3.6 mile long, 24.3 foot high earth dam, provides flood protection to
downstream residents, structures, and infrastructure.

The FRSs have developed safety deficiencies and both dams are approaching on the original 50-year project lifetimes.
The embankments of the dams are experiencing longitudinal and transverse cracking and the auxiliary spillways for
each dam do not have the capacity to pass the inflow design flood. In 2009, the District requested Federal planning and
implementation assistance for long-term solutions to the identified dam safety deficiencies. The rehabilitation of the
structures will require raising the dams with earthfill, replacing the existing principal spillways with new risers and
outlets, installing new embankment filters, raising the crest of the auxiliary spillways, and providing structural auxiliary
spillways. This Supplemental Watershed Plan and Environmental Assessment (Plan/EA) determines the feasibility of
rehabilitation the FRSs to provide for continued flood protection while meeting current applicable local, State, and
Federal regulations.

COMMENTS AND INQUIRIES

Comments and inquiries must be received by March 12, 2013. Submit comments and inquiries to: Keisha L. Tatem,
State Conservationist, USDA, Natural Resources Conservation Service, 230 North First Avenue, Suite 509, Phoenix,
Arizona, 85003 (Telephone: (602) 280-8801).

The U.S. Department of Agriculture (USDA) prohibits discrimination against its customers. If you believe you
experienced discrimination when obtaining services from USDA, participating in a USDA program, or participating in
a program that receives financial assistance from USDA, you may file a complaint with USDA. Information about how
to file a discrimination complaint is available from the Office of the Assistant Secretary for Civil Rights. USDA
prohibits discrimination in all its programs and activities on the basis of race, color, national origin, age, disability, and
where applicable, sex (including gender identity and expression), marital status, familial status, parental status, religion,
sexual orientation, political beliefs, genetic information, reprisal, or because all or part of an individual's income is
derived from any public assistance program. (Not all prohibited bases apply to all programs.)
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To file a complaint of discrimination, complete, sign, and mail a program discrimination complaint form, available at
any USDA office location or online at www.ascr.usda.gov, or write to:

USDA

Office of the Assistant Secretary for Civil Rights
1400 Independence Avenue, SW.

Washington, DC 20250-9410

Or call toll free at (866) 632-9992 (voice) to obtain additional information, the appropriate office or to request
documents. Individuals who are deaf, hard of hearing, or have speech disabilities may contact USDA through the
Federal Relay service at (800) 877-8339 or (800) 845-6136 (in Spanish). USDA is an equal opportunity provider,
employer, and lender.

Persons with disabilities who require alternative means for communication of program information (e.g., Braille, large
print, audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice and TDD).
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1.0 SUMMARY SUPPLEMENTAL WATERSHED PLAN AND ENVIRONMENTAL
ASSESSMENT

Project Name: Vineyard Road and Rittenhouse Flood Retarding Structures (FRSS)
County: PINAL State: ARIZONA Congressional District: 6

Authorization: Public Law 83-566 Stat. 666 as amended (16 U.S.C. Section 1001 et. Seq.) 1954
Sponsors: Flood Control District of Maricopa County, Arizona

East Maricopa Natural Resource Conservation District

Proposed Action: Rehabilitation of the Vineyard Road FRS and Decommission of the Rittenhouse
FRS by converting to levee.

Purpose and Need for Action: The purpose of the proposed project is flood prevention. The
Vineyard Road FRS and Rittenhouse FRS provide flood protection to portions of eastern Maricopa
County and western Pinal County, Arizona. The dams are being evaluated due to concerns
regarding the foundation (subsidence), central filters, embankment cracking, and the inability to
safely pass the inflow design flood.

The Preferred Alternative will meet the project purpose of providing for continued flood protection
for the downstream benefitted area and reducing the risk of loss of life due to catastrophic dam
failure. Action is needed to address public health and safety issues surrounding a flood control dam
that does not meet existing safety and performance standards for a high hazard potential structure.

Description of Preferred Alternative: The Preferred Alternative for the Vineyard Road FRS is
rehabilitation and for Rittenhouse FRS is to convert the dam to a levee. The Vineyard Road FRS
rehabilitation includes measures to rehabilitate the dam by raising the dam, constructing a new
filter, and installing improvements for the principal and auxiliary spillways. The Rittenhouse FRS
will be converted to a levee by removing the right (west) abutment so that flood flows from the
Rittenhouse watershed flow into the Vineyard Road FRS flood pool. The Rittenhouse FRS will be
lowered (materials removed from the top of the dam) to a height of the 100-year flood elevation
plus a minimum of three feet of freeboard. Material used to raise the height of the Vineyard Road
FRS may be derived from several sources including borrow from the Vineyard Road FRS flood
pool and/or from excavation of the Powerline Channel (under a separate but related construction
activity). The spoils from construction activities will be stockpiled within the Sponsor’s easements.

Resource Information:

= Latitude and Longitude: The existing Vineyard Road FRS is located at 33.3197° N Latitude,
and 111.5241° W Longitude. The existing Rittenhouse FRS is located at 33.2808° N
Latitude, and 111.5027° W Longitude.

= Hydrologic Unit Number: The 8-digit Hydrologic Unit Code (HUC) for the Vineyard Road
FRS and Rittenhouse FRS contributing watersheds and downstream inundation areas is the
Middle Gila Watershed — 15050100.

Climate and Topography: The upstream contributing watershed for the Vineyard Road and
Rittenhouse FRSs originates in the southwest facing slopes of the Superstition Mountains with
steep mountain topography. The mountains drain onto a wide alluvial fan with various land uses
and flattening topography. The downstream inundation area is a largely flat topography with mixed
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land uses. The climate is typical of the arid southwest with mild winters and hot summers.
Rainfall is limited and typically occurs in either the winter wet period or the summer monsoon
period

Vineyard Road Watershed size: approximately 21,019 acres in the downstream breach inundation
area; Approximately 33,728 acres in the upstream contributing watershed.

Rittenhouse Watershed size: approximately 30,272 acres in the downstream breach inundation area;
Approximately 36,087 acres in the upstream contributing watershed.

Land Uses: The downstream area consists of open space, residential and commercial/industrial
developments, agriculture and open space. The upstream contributing watershed consists primarily
of open space.

Land Ownership Information (downstream area from FRSs): Private Land — 87%, State/Local 12%,
Federal 1%.

Population and Demographics: The current residential population in the study area downstream of
the FRSs is estimated at 91,700. The population at risk of flooding downstream of the Vineyard
Road FRS is estimated at 25,868 and for Rittenhouse FRS is 38,700. The beneficiary profile is
relatively representative of the Pinal and Maricopa County’s population at large. The majority of
the total population encompassing the Powerline, Vineyard Road and Rittenhouse FRSs (PVR
FRSs) area is White which comprises 86.9% of the population. The total minority population is
13.1% with the breakdown of racial and ethnic demographics as follows: Black or African
American 1.4%; American Indian and Alaskan Native 1.0%; Asian 1.2%; Native Hawaiian and
other Pacific Islander 0.2%; Other 6.6%; Population of Two or More Races/Not Hispanic or Latino
2.8%. The percentages of racial, ethnic and total minority populations appear to be consistent with
those of the surrounding communities.

The demographics were conducted on the area defined as the “Social Population Demographics
Existing Conditions Study area’ (SPDECS) for the Powerline, Vineyard Road, and Rittenhouse
FRSs and documented in the “Social, Population and Demographics Existing Conditions Study”
(Kimley-Horn July, 2010). The analysis approach was based on Census Track and Block Groups
within and adjacent to the SPDECS study area. The source of the data is the decennial Census
2000 data sets from the United States Census Bureau (Census 2000). The SPDECS study is
summarized in Appendix D.

The median household income for the PVR FRSs area is between $32,055 and $101,124 for an
average median household income of $60,789. This represents a slightly higher median household
income than the neighboring communities which range between $33,170 (Apache Junction) and
$68,032 (Gilbert) for an average median household income of $58,399.

Resource Concerns: The following is a listing of the relevant resource concerns considered during
the scoping process.

Aesthetics: Structures are significant features on the landscape.

Cultural Resources: Previous cultural resources surveys and research in the vicinity suggest that
there would be a significant number of archaeological sites located within the area of potential
effects (APE) for the project.

Environmental Justice: Minority and disadvantages populations downstream of dam are at high risk
if no action is taken.

USDA- NRCS Page 1-2 January 2013
Kimley-Horn and Associates, Inc.



Vineyard Road and Rittenhouse Flood Retarding Structures Draft Supplemental Watershed Plan
Pinal County, AZ and Environmental Assessment

Fish and Wildlife: No fish present in the project area. Mesquite Bosque habitat located upstream of
structure.

Flooding: Homes, businesses, and infrastructure are at high risk of flood damages if no action is
taken.

Migratory Birds: The project area contains suitable habitat for the western burrowing owl (Athene
cunicularia hypugaea) which is protected under the Migratory Bird Treaty Act.

Prime Farmland: Prime farmland downstream of structure is at high risk of flood damages if no
action is taken.

Public Health and Safety: Public health and safety is at high risk in the event of a catastrophic
failure of the dam if no action taken.

Transportation: Major local roads are located downstream and area at high risk of flood damage if
no action is taken.

Threatened and Endangered Species: The U.S. Fish and Wildlife Service (USFWS) threatened,
endangered, proposed, and candidate species list for Pinal and Maricopa Counties, as well as the
Arizona Game and Fish Department (AGFD) Heritage Data Management System (HDMS), were
reviewed. There are no known occurrences of any threatened or endangered species critical habitat
within the project area.

Suitable habitat is present for the Tucson shovel-nosed snake (Chionactis occipitalis klauberi) and
dispersal habitat is present for the Sonoran desert tortoise (Gopherus agassizii). These are
candidate species for the USFWS and may become listed in the future and warrant additional
assessment. Desert tortoise has the potential to occur within the project area.

Additionally, the project contains suitable habitat for the western burrowing owl (Athene
cunicularia hypugaea) which is protected under the Migratory Bird Treaty Act. Prior to start of
construction, a survey for burrowing owls will be required in the disturbance area following the
AGFD protocol (January 2009).

Vegetative Community: Mesquite Bosque located upstream of structures.

Water Resources: The Central Arizona Project canal is located downstream of the structure and is
at high risk of flood damages if no action is taken.

Wetlands: None

Alternative Plans Considered: The project alternatives that were considered as part of this study
include the following:

= No Federal Action/Future Without Project: Vineyard Road FRS and Rittenhouse FRS
remain in existing conditions until Sponsor’s eventual Rehabilitation or Replacement of the
dams;

= Decommissioning by Replacing the Rittenhouse FRS with a Channel to Vineyard Road
FRS; Raise and Rehabilitate the Vineyard Road FRS;

= Decommissioning by Replacing the Rittenhouse FRS with a Levee to Vineyard Road FRS;
Raise and Rehabilitate the Vineyard Road FRS;

= Raise and Rehabilitate the Vineyard Road FRS and Rittenhouse FRS.
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Estimated Project Costs:

PL 83-566
Item (Vineyard Road FRS) | Funds ($) Other Funds ($) | Total ($)
Construction Cost $27,403,500 $13,541,300 $40,944,800
Technical Assistance $600,000 $1,204,400 $1,804,400
Project Administration $50,000 $10,000 $60,000
Land Rights (Sponsors) $0 $0 $0
Required Permits (Sponsors) $803,000 $803,000
Total $28,053,500 $15,558,700 $43,612,200
The annual operation and maintenance cost for the Vineyard Road FRS is $248,900.
PL 83-566 Other Funds
Item (Rittenhouse FRS) | Funds ($) ) Total ($)
Construction Cost $5,527,800 $2,723,800 $8,251,600
Technical Assistance $600,000 $242,700 $842,700
Project Administration $50,000 $10,000 $60,000
Land Rights (Sponsors) $0 $0 $0
Required Permits $161,800 $161,800
(Sponsors)
Total $6,177,800 $3,138,300 $9,316,100

The annual operation and maintenance cost for the Rittenhouse FRS is $42,800

Estimated Project Benefits:

An estimated number of current residents downstream of the Vineyard Road FRS is 25,868 and

for Rittenhouse FRS is 38,700, with associated homes, businesses, and infrastructure are

protected from catastrophic dam failure and flooding. Additional residents and infrastructure
will be protected in the future as development continues to occur in the downstream benefitted

area.
. Average Annual Equivalent

Category (Vineyard Road FRS) Benefits
Beneficial Annual¥ $0
Adverse Annual $1,697,600
Net Beneficial ($1,697,600)
Benefit-Cost Ratio 0.0to 1.0
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Category (Rittenhouse FRS) ';‘Zﬁ;?i%se AT SEUVELEE
Beneficial Annual $0

Adverse Annual $352,900

Net Beneficial ($352,900)
Benefit-Cost Ratio 0.0to 1.0

Y/ The proposed project will provide an estimated $182,400 and $4,021,700 in average annual equivalent damage reduction benefits
at Vineyard FRS and Rittenhouse FRS, respectively. However, as the "no action™ or future without project alternative also provides

this same benefit stream, the project does not have a positive incremental benefit. The benefits of the project are tied to reducing the
risk of catastrophic failure of the existing structures and thus reducing the risk to life and property, as described in the plan.

Funding Schedule: Vineyard Road FRS FY 2018; Rittenhouse FRS FY 2024 (Powerline FRS FY

2022)
Period of Analysis: 103 Years
Project Life: 100 Years

Environmental Effects and Impacts:

1. Cultural Resources — Sites in the area of potential effects that will not be subject to project-
related impacts will be avoided by project implementation activities. Data recovery
studies will be performed to mitigate impacts to all sites likely to suffer project-related
impacts. Based on known sites in the vicinity, the majority of the cultural resources
present would be either prehistoric sites without evidence of habitation (which might
include scatters of artifacts on the surface, or artifacts with remnants of just one or a few
roasting pits, agricultural features, and/or other non-habitation features) or historical
sites (which might include homesteads, farming or ranching features, or simply scatters
of historical artifacts). Most of the remaining sites would be smaller prehistoric
habitation sites, with up to two relatively large prehistoric habitation sites.

2. Threatened and Endangered Species — Survey protocol for the Tucson shovel-nosed snake
has not been published by the USFWS. Prior to construction the status of the Tucson
shovel-nosed snake on the USFWS threatened, endangered, proposed, and candidate list
will be re-verified (i.e. status changed from candidate to threatened) and coordination
with the USFWS will be undertaken to determine if a survey protocol has been
established and/or if a survey is required. If this species is observed construction will
cease until measures can be taken to ensure the preservation of the snake and/or its
habitat. Prior to start of construction, the project area will be canvassed for tortoises
and, if any tortoises are discovered, AGFD guidelines (October 2007) will be followed.
Prior to start of construction, a survey for burrowing owls will be conducted in the
disturbance area following the AGFD protocol (January 2009). As a result of the
actions described above, there will be no effect on federally threatened and endangered
species or their critical habitat due to implementation of this alternative. The above-
mentioned mitigation measures will be utilized to minimize impacts to special status

species.

3. Vegetative Community - Areas disturbed associated with construction activities will be
hydro-seeded with native mix. Approximately 105 acres of mesquite bosque will be
impacted. Mesquite bosque mitigation may include planting new tall-pot mesquite trees
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(approximately 100 acres) and salvage of some mature mesquite trees and transplanting
in designated areas (e.g., along Powerline Channel and potential mitigation area at north
end of Vineyard Road FRS, and along Vineyard and Rittenhouse). Mitigation plans will
be refined during final design.

Major Conclusions: The rehabilitation of the Vineyard Road FRS and converting Rittenhouse FRS
to a levee will continue to provide 100-year flood protection for the downstream benefitted area.
This alternative will reduce the risk of loss of life to the people that live and work below these
existing dams. No significant adverse environmental effects will result from implementation of this
project.

Areas of Controversy: None.

Issues to be Resolved: None

Evidence of Unusual Congressional or Local Interest: None

This report is in compliance with executive orders, public laws, and other statues governing the
formulation of water resource projects.
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2.0 PURPOSE AND NEED FOR ACTION

2.1 CHANGES REQUIRING PREPARATION OF A SUPPLEMENT

The Vineyard Road and Rittenhouse FRSs are classified by the Arizona Department of Water
Resources (ADWR) and NRCS as high hazard structures. These dams do not meet current dam
safety and performance standards. The dams have known deficiencies in the embankment
(transverse and longitudinal cracking and erosion holes), located in an area with land subsidence
(Vineyard Road FRS) and inadequacies in auxiliary spillway capacities. There is a risk to
downstream structures and inhabitants if no action is taken to rehabilitate or replace the structures.

The NRCS addressed deficiencies due to transverse cracking at both dams by means of repair
projects that were completed in 1982/1983 and 1979 for the Vineyard Road FRS and Rittenhouse
FRS, respectively. The repair projects included installation of a central embankment filter along the
dams. The projects were funded under the NRCS Watershed Operations program. Current
conditions indicate additional transverse and longitudinal cracks as well as erosion holes in the
embankments are present. Remaining inadequacies in auxiliary spillway capacities are considered
under this study.

This Supplemental Watershed Plan and Environmental Assessment (Plan/EA) addresses the
identified dam safety deficiencies (noted above) by evaluating alternatives to either rehabilitate or
replace the Vineyard Road FRS and/or the Rittenhouse FRS. The Plan/EA determines the
feasibility of raising and rehabilitation of the Vineyard Road FRS and decommissioning the
Rittenhouse FRS by converting the Rittenhouse FRS to a levee to provide for continued flood
protection while meeting current applicable local, State, and Federal regulations. The changes
being made are to raise the height of and rehabilitate the Vineyard Road FRS by installation of a
new filter and modification of the principal and auxiliary spillways. The Rittenhouse FRS will be
converted to an earthen levee by removal of the right (north) abutment in order for flows from
Rittenhouse to discharge to the Vineyard Road FRS. Rittenhouse will be lowered to a height
sufficient for the 100-year flows plus three feet of freeboard.

The purpose and need of the proposed project is to provide continued flood protection for the
downstream benefitted area and to reduce the risk of loss of life due to catastrophic dam failures.
Action is needed to address public health and safety issues surrounding flood control dams that do
not meet existing safety and performance standards for high hazard potential structures.

2.2 BACKGROUND

The Vineyard Road and Rittenhouse Flood Retarding Structures provide substantial flood
protection benefits to portions of Maricopa and Pinal Counties, City of Mesa, Town of Queen
Creek, State Lands, and surrounding areas. The FRSs protect public infrastructure including streets
and highways, residential and commercial properties and large areas of prime farmland.

In June 2000, the Sponsor completed an Individual Structure Assessment for the Vineyard Road
and Rittenhouse Flood Retarding Structures and in August 2000 the Sponsor completed an
Alternatives Analysis Report for the Vineyard Road and Rittenhouse Flood Retarding Structures.
In July 2009, the Sponsor entered into a Memorandum of Understanding with the Natural
Resources Conservation Service (NRCS) to cooperatively conduct planning, design and
implementation of a preferred alternative needed to address the identified inadequacies. In July

USDA- NRCS Page 2-1 January 2013
Kimley-Horn and Associates, Inc.



Vineyard Road and Rittenhouse Flood Retarding Structures Draft Supplemental Watershed Plan
Pinal County, AZ and Environmental Assessment

2009, the Sponsor initiated the planning phase. This Plan/EA is being prepared during this
planning phase.

The Vineyard Road and Rittenhouse FRSs are two of three earthen flood retarding structures
(Powerline FRS is the third) located east of the Central Arizona Project (CAP) canal. The three
structures were originally designed by the NRCS to operate as an integrated system as the principal
spillways at Powerline FRS and Vineyard Road FRS both discharge into a common channel — the
Powerline Floodway. The Rittenhouse FRS principal spillway discharges into the Vineyard Road
FRS flood pool. The result is that all three principal spillways eventually flow into the Powerline
Floodway. The Powerline, Vineyard Road, and Rittenhouse FRSs Rehabilitation or Replacement
Project (Project) was initiated to formulate alternatives to mitigate identified dam safety
deficiencies at the three dams. One of the objectives in the formulation of alternatives for the three
dams was to maintain the integrated operational relationship of the three dams (or alternatives) to
discharge to the Powerline Floodway. This Supplemental Watershed Plan and Environmental
Assessment (Plan/EA) presents the alternatives evaluated and preferred alternative for Vineyard
Road and Rittenhouse FRSs. The Vineyard Road and Rittenhouse FRSs are structural plan
elements of the Williams-Chandler Watershed Work Plan. A separate Supplemental Watershed
Plan/EA has been prepared for the Powerline FRS as this dam is a structural element of the Apache
Junction-Gilbert Watershed Work Plan.

2.3 EXISTING DAM CONDITIONS

2.3.1 LOCATION

The Vineyard Road and Rittenhouse Flood Retarding Structures are located in northwest Pinal
County, Arizona. The structures are east of Mesa and the Town of Queen Creek. The Vineyard
Road and Rittenhouse Flood Retarding Structures are two of three flood retarding structures
designed and constructed by the NRCS to provide flood control benefits to portions of Maricopa
and Pinal County (the other is the Powerline FRS). The contributing watersheds originate in the
southwest-facing slopes of the Superstition Mountains. The total watershed area contributing to the
three structures is 147 square miles and includes Weekes Wash and Siphon Draw. Queen Creek
Wash is located south of the structures. The Central Arizona Project canal (CAP) is aligned west of
the structures. The PVR FRSs alignments extend south from Baseline Road to the Ocotillo Road
alignment, approximately 12 miles in length. A project map for the Vineyard Road FRS and
Rittenhouse FRS and associated features is provided in Appendix B.

The Vineyard Road and Rittenhouse Flood Retarding Structures, outlet works, and flood pools lie
within the following sections (Gila and Salt River Baseline & Meridian).

Vineyard Road FRS

Township 1 South, Range 8 East, Sections 21, 22, 27, and 34
Township 2 South, Range 8 East, Section 2 and 3
Rittenhouse FRS

Township 2 South, Range 8 East, Section 2, 11, 13, and 14

The dams, outlet works and the flood pools are located on land that is owned by the State of
Arizona. The Sponsor has obtained easements from the State of Arizona to operate and maintain
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the dams and appurtenant structures. The Vineyard Road and Rittenhouse Flood Retarding
Structures provide 100-year flood protection from flood flows originating from a 99.8-square-mile
watershed. The State of Arizona (State Land Department) has prepared or is in the process of
preparing land use plans to areas both upstream and downstream of the dams.

2.3.2 EMBANKMENT AND RESERVOIR POOL

The Vineyard Road FRS embankment extends southeast from 1,600 feet southeast of Powerline
FRS, parallel to the CAP canal. The FRS is a homogeneous earthen embankment 28,829 feet (5.5
miles) in length, with a maximum height of 16.5 feet. The embankment crest elevation was
designed at 1,581.5 feet, and the auxiliary spillways were designed at 1,576.8 feet to provide 4.7
feet of freeboard. The reservoir capacity is 4,310 acre-feet which provides for 178 acre-feet of
sediment and 4,132 acre-feet of flood water. At full capacity, the sediment pool area and flood
pool area would be 150 acres and 840 acres, respectively. The maximum recorded impoundment
for the Vineyard Road FRS was 897 acre-feet with a flood stage of 5.9 feet on January 11, 1993.
Other historical storms of note include an October 1972 storm, where the reservoir stage may have
reached the auxiliary spillway crest and floodwaters may have flowed through the auxiliary
spillway. The FRS flood pool under normal operations is dry, only temporarily impounding water
in response to runoff events. The FRS does not have a permanent water pool.

A central filter was installed in the Vineyard Road FRS in 1982/1983 which extends along the
entire length of the embankment (from Stations 85+00 to 360+700). The filter extends to at or near
foundation.

The Rittenhouse FRS embankment extends southeast from Vineyard Road FRS, parallel to the
CAP canal. The FRS is a homogeneous earthen embankment 19,008 feet (3.6 miles) in length,
with a maximum height of 24.1 feet. The embankment crest elevation was designed at 1604.3 feet,
and the auxiliary spillway was designed at 1599.5 feet to provide 4.7 feet of freeboard. The
reservoir capacity is 4,060 acre-feet which provides for 175 acre-feet of sediment and 3,885 acre-
feet of flood water. At full capacity, the sediment pool area and flood pool area would be 118 acres
and 660 acres, respectively. The maximum recorded impoundment for the Rittenhouse FRS was
919 acre-feet with a flood stage of 12.58 feet on February 12, 2005. Other historical storms of note
include an October 1972 storm, where the reservoir stage may have reached the auxiliary spillway
crest and floodwaters may have flowed through the auxiliary spillway. The FRS flood pool under
normal operations is dry, only temporarily impounding water in response to runoff events. The
FRS does not have a permanent water pool.

Typical sections of the existing embankments for Vineyard Road FRS and Rittenhouse FRS are
provided in Appendix C as Figure C-1 and Figure C-5, respectively.

2.3.3 PRINCIPAL SPILLWAYS

Flows entering the Vineyard Road FRS impoundment are routed through a low-flow channel to the
principal spillway. The spillway is an ungated, 100-foot long, 54-inch diameter reinforced concrete
pipe (RCP) located at the northern abutment of the FRS. The pipe is situated on a concrete cradle
and three seepage cutoff collars are spaced at 20-foot intervals along the pipe. At the upstream
inlet of the spillway, there is a trash rack to filter debris and the spillway discharges into a concrete
lined channel through an outlet structure. The downstream outlet of the principal spillway features
an energy dissipater, and the principal spillway discharge capacity is 368 cubic feet per second (cfs)
at the crest elevation of the auxiliary spillway.
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Flows entering the Rittenhouse FRS impoundment are routed through a low-flow channel to the
principal spillway, which discharges into the Vineyard Road FRS flood pool. The spillway is an
ungated, 145-foot long, 33-inch diameter reinforced concrete pipe (RCP) located at the northern
abutment of the FRS. The pipe is situated on a concrete cradle and five seepage cutoff collars are
spaced at 20-foot intervals along the pipe. At the upstream inlet of the spillway, there is a trash
rack to filter debris and the spillway discharges into a concrete lined channel through an outlet
structure. The downstream outlet of the principal spillway features an energy dissipater, and the
principal spillway discharge capacity is 143 cubic feet per second (cfs) at the crest elevation of the
auxiliary spillway.

Typical sections of the existing principal spillways for Vineyard Road FRS and Rittenhouse FRS
are provided in Appendix C as Figure C-2 and Figure C-6, respectively.

2.3.4 AUXILIARY SPILLWAYS

The Vineyard Road FRS auxiliary spillways are located at the northern and southern abutments of
the FRS. Both spillways are 300-foot wide excavated earthen open channels with a combined
capacity of 12,800 cfs. The control sections of the auxiliary spillways are compacted, benched
sills, located one foot above level upstream approach channels. The approach channels are on
constructed bends that directs flows around the abutments of the FRS.

The Rittenhouse FRS auxiliary spillway is located at the southern abutment of the FRS. The
spillway is a 600-foot wide excavated earthen open channel with a capacity of 12,800 cfs. The
control section of the auxiliary spillways is a compacted, benched sill, located one foot above the
level upstream approach channel. The approach channel is on a constructed bend that directs flows
around the abutment of the FRS.

Typical sections of the existing auxiliary spillways for Vineyard Road FRS and Rittenhouse FRS
are provided in Appendix C as Figure C-3 (Vineyard South), Figure C-4 (Vineyard North) and
Figure C-7 (Rittenhouse).

2.4 INADEQUACIES OF STRUCTURES

The Arizona Department of Water Resources (ADWR) conducts inspections of jurisdictional dams
throughout the state. Powerline and Vineyard Road FRSs were recently inspected on January 30,
2012 and Rittenhouse was inspected on January 31, 2012. The ADWR dam safety inspection
reports (published April 13, 2012) found no safety deficiencies for the Vineyard Road and
Rittenhouse FRSs.

ADWR identified one maintenance action item for Vineyard Road FRS and Rittenhouse FRS.
ADWR noted that the action item as removing rodent burrowing on the structures in a timely
manner.

ADWR has reviewed the size and hazard potential classifications for the dams. The classifications
have not changed from intermediate size and high hazard potential.

Although ADWR dam safety inspection reports stated no safety deficiencies for the Vineyard Road
FRS and Rittenhouse FRS, previous and continuing engineering investigations and studies by the
Sponsor indicate deficiencies exist and are briefly described in Sections 2.1 above and 2.4.1 below.
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2.4.1 UPDATED HYDROLOGIC/HYDRAULIC INVESTIGATIONS

Updated hydrologic/hydraulics (H/H) investigations and studies were conducted during the
planning study for the Vineyard Road and Rittenhouse FRSs. These studies evaluated the
operational response of the structures and principal and auxiliary spillways for existing land use
and future land use conditions for multi-frequency events (2-yr through 500-yr). The investigations
completed a planning level probable maximum precipitation/probable maximum flood (PMP/PMF)
study to determine a planning level recommendation for the PVR structures for the inflow design
flood (IDF). The results of the planning level PMP/PMF indicates that the 6-hr PMF is the more
conservative over the 24-hr and 72-hr events. The planning level study recommended a reduction of
the planning PMP/PMF to approximate an anticipated reduction of the PMP should a future site
specific PMP study be conducted for the three PVR watersheds. The updated H/H evaluations also
conducted NRCS SITES modeling for the three dams to determine the principal spillway
hydrograph (PSH), stability design hydrograph (SDH), and the integrity or freeboard hydrograph
(FBH). The SITES study included an allowable stress evaluation of the earth lined spillways and a
breach analyses.

The results for Vineyard Road FRS indicates that:
= QOvertopping of the dam crest during the existing conditions 6-, and 72-hour PMP.
= QOvertopping of the dam crest during the future conditions 6-, 24-, and 72-hour PMP.

= Existing conditions principal spillway hydrograph draw down is longer than 10 days (13.7
days).

= Future conditions principal spillway hydrograph draw down is longer than 10 days (14.2
days).

= South auxiliary spillway erodes during the future conditions stability design hydrograph.

= Both auxiliary spillways breach during the existing and future conditions freeboard design
hydrograph.

The results for Rittenhouse FRS indicate that:
= Overtopping of the dam crest during the existing and future conditions 6-, 24-, and 72-hour

PMP.

= Existing and future conditions principal spillway hydrograph draw down is longer than 10
days (12.0 days).

= Auxiliary spillway breaches during the existing and future conditions freeboard design
hydrograph.

2.5 REGULATORY CONSIDERATIONS

The Vineyard Road and Rittenhouse Flood Retarding Structures are under the jurisdiction of
ADWR and NRCS. The dams must comply with dam safety rules and regulations of these dam
safety agencies.
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3.0 Score oF PLAN/EA

The scoping process followed the general procedures contained in the Water Resources Council’s
Principles and Guidelines and Section 501.35 of the NRCS National Watershed Program Manual.
The procedures require that environmental and cultural resources be considered early in the
planning process by an interdisciplinary team of technical specialists, in consultation with all
interested parties.

The scoping process was used during development of the Vineyard Road and Rittenhouse FRS
Supplemental Watershed Plan and Environmental Assessment to focus planning efforts on
problems and opportunities of most importance to all interested parties. Scoping was utilized to
focus the goals of the planning effort and thereby narrow the range of identified alternatives.
Comments and questions were solicited from local citizens, groups, and local, State, and Federal
agencies throughout the planning effort. Public and/or agency comments were received. Several
identified concerns were identified by the Sponsors and project team and are listed in Table 3 - 1
below.

Two public meetings where held during the planning process for the Powerline, Vineyard Road,
and Rittenhouse Flood Retarding Structures Rehabilitation or Replacement Project. The first
meeting was held on November 4, 2010. This purpose of this meeting was to introduce the public
to the project location and purpose and need for the project. The second meeting was held on
February 1, 2011. The purpose of this meeting was to solicit input from the public regarding
planning alternatives for the PVR project. Meeting notices/announcements were published in local
newspapers and mailed to several Federal and State agencies. The Sponsor provided a program
overview at both public meetings. At the second meeting Kimley-Horn and Associates, Inc.
provided an overview of the study alternatives that were developed and presented for public input.
Several comments were received by the public at the second public meeting.

A third public meeting is scheduled for February 12, 2013 during the public review period. The
purpose of this meeting will be to present the preferred alternative as described in this draft
Plan/EA and to solicit comments and questions regarding the proposed project.

The purpose and need for the project is to provide continued flood protection and to reduce the
risk of loss of life due to catastrophic dam failure and flooding. Action is needed to address public
health and safety issues surrounding a flood control dam that does not meet existing safety and
performance standards for a high hazard potential structure.

Table 3 -1 Evaluation of Identified Concerns

Relevant to the
proposed
action?" RATIONALE
ITEM/CONCERN Yes No
SOILS
Upland Erosion X No concerns in study area.
Stream Bank Erosion X No concerns in study area.
USDA- NRCS Page 3-1 January 2013

Kimley-Horn and Associates, Inc.



Vineyard Road and Rittenhouse Flood Retarding Structures
Pinal County, AZ

Draft Supplemental Watershed Plan
and Environmental Assessment

Table 3-1 Evaluation of Identified Concerns (continued)

Relevant to the
proposed
action?" RATIONALE
ITEM/CONCERN Yes No
SOILS
Regional land subsidence at the northern 1/3 of
X Vineyard Road FRS is expected to continue in
the near future. Continued monitoring and
Geology investigations for land subsidence.
Sedimentation X No concerns in study area.
Prime and Unique X Structures provide flood protection to
Farmland downstream Prime Farmland.
WATER
Surface Water Quality X No impaired streams or lakes in project area.
Structure spillways do not have adequate
X capacity to safely convey probable maximum
Surface Water Quantity flood.
Groundwater pumping in area has contributed
Groundwater Quantity to land subsidence and earth fissures.
Clean Water Act No concerns in study area.
Regional Water Mgt X Project provides flood protection for Central
Plans Arizona Project Canal.
Home, businesses, and infrastructure are at
X high risk o_f ro_od damages in the event _of a
catastrophic failure of the dam if no action is
Floodplain Management taken.
Wetlands X None Present
Wild and Scenic Rivers X None Present
Ecologically Critical Areas X None Present
Sole Source Aquifers X None Present
AIR
Air Quality X No concerns in study area.
Clean Air Act X Air permit required for construction activities
PLANTS
Threatened and X
Endangered Species No occurrences in study area.
Essential Fish Habitat X No fish habitat in study area
Invasive Species X Minimal invasive species present on study area
Natural Areas X No natural areas in study area
Riparian Areas X No riparian areas in study area
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Table 3-1 Evaluation of Identified Concerns (continued)
Relevant to the
proposed
action?" RATIONALE
ITEM/CONCERN Yes No
PLANTS
Forest Resources X Not Applicable
Parklands X None Present
Vegetative Communities X Mesquite Bosque located upstream of structure
ANIMALS
Fish and Wildlife X No fish present in study area. Mesquite Bosque
Habitat habitat located upstream of structure.
Threatened and X
Endangered Species No occurrences in study area.
Invasive Species X Minimal invasive species present on study area
Migratory Birds/Bald X
and Golden Eagles Potential habitat for western burrowing owl.
HUMANS
Aesthetics X Structures are significant features on landscape
Substantial downstream damages from
X flooding from catastrophic dam failure is no
Flood Damages action taken
Action will require significant expenditure of
X
Cost, Sponsor funds.
X Action will require significant expenditure of
Cost, NED funds.
Historic Properties/Cultural X Cultural Resources have been identified in the
Resources vicinity of the structures.
Minority and disadvantaged populations are at
X high risk in the event of a catastrophic failure
Environmental Justice of the dam if no action is taken
Local and Regional X Structures provide flood protection to
Economy downstream benefitted area.
Scientific Resources X Not Applicable
Potable Water Supply X No potable water system within study area.
Public Health and Safety is at high risk in the
X event of a catastrophic failure of the dam if no
Public Health and Safety action is taken
Recreation X Opportunities for recreational elements

T Concerns relevant to the proposed action must be considered in the analysis of alternatives
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4.0 AFFECTED ENVIRONMENT

This section describes the current physical, biological, ecological, economic, and social
environment for the watershed and other areas of the project impact. This provides the context for
determining the effects of alternatives. Some conditions will be constant throughout the evaluated
life of the project, while others will be subject to change because of social, economic, and political
influences.

4.1 CLIMATE

The Sonoran Desert has a continental climate with great variability of both diurnal and seasonal
temperatures. It is characterized by a summer monsoon season with light rains in the winter. The
average monthly temperatures range from a low of 45.9° F in January to a high of 106.3° F in July.
Average monthly rainfall ranges between 0.03 inches in June to 1.01 inches in July, with annual
rainfall reaching 6.56 inches in an average year. The Vineyard Road and Rittenhouse Flood
Retarding Structures project area elevation ranges between approximately 1,585 to 1,650 feet.

4.2 GEOLOGY

The Powerline, Vineyard Road, and Rittenhouse FRS (PVR) study area is near the junction of the
Mexican Highland and Sonoran Desert sections of the Basin and Range physiographic province,
just southwest of the boundary between the Basin and Range and Transition Zone physiographic
provinces. The boundary between these two provinces is marked by the western edge of the
Superstition and Goldfield mountains, which rise abruptly above the valley floor. These mountain
ranges also mark the eastern margin of the down-dropped Phoenix Basin, which underlies much of
the Phoenix metropolitan area and extends westward to the Sierra Estrella and White Tank
Mountains. The Phoenix Basin formed between approximately 8 and 15 million years ago after
cessation of the volcanic activity that formed the bulk of the Goldfield and Superstition mountains.

The Phoenix Basin is subdivided into several sub-basins. The study area is within the Mesa-
Chandler sub-basin. On the west, this sub-basin is partially separated from the central Phoenix
Basin by the bedrock highs of the Tempe Butte area. The Mesa-Chandler sub-basin is bounded by
the Goldfield and Superstition mountains on the north and northeast, by Mineral Mountain on the
east, and by the Santan Mountains on the southwest.

Alluvial fans and pediments have developed along the Superstition and Goldfield mountain fronts
during the last approximately five million years of relative tectonic stability. The pediments are
broad, gently sloping erosional surfaces that consist of shallow bedrock covered with a thin veneer
of alluvial fan deposits. Bedrock is often exposed in drainages that have cut through the thin
alluvial deposits or is exposed in inselbergs (knobs and small hills of bedrock that rise above the
alluvial fan surfaces).

Farther west of the mountain fronts, the basin is dominated by a thick sequence of alluvial fan
deposits. Alluvial fans are gently sloping masses of alluvium deposited by streams and washes that
flow from mountains onto the floor of a valley. As streams emerge from the mountains, they
diverge into multiple channels, water begins to percolate into the subsurface, flows diminish and
sediment carried by the streams is deposited. Coarser materials (e.g., boulders, cobbles and gravel)
tend to be deposited near the apex of fans, whereas finer-grained materials (e.g., sand, silt and clay)
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are transported to the distal portions of fans. As gradients flatten toward the distal portions of fans,
sediments become finer grained and less permeable, and drainage channels often converge.

The Powerline, Vineyard Road, and Rittenhouse FRS have been the subject (particularly Powerline
and the northern 1/3 of Vineyard Road FRS) of previous geohazard investigations and analyses
including studies as part of this planning study. The Powerline and Vineyard Road FRS are located
in a region of local land subsidence. The purpose of the geohazard investigations were to evaluate
potential impacts of ground subsidence and earth fissuring on the existing structures and on the
selection and subsequent development of rehabilitation designs and/or replacement alternatives for
flood protection afforded by the Powerline, Vineyard Road and Rittenhouse Flood Retarding
Structures (FRS). The results, findings and conclusion of the studies were used by the project team
in its development and evaluation of dam rehabilitation and/or replacement alternatives.

There are known earth fissures in the project area near Hawk Rock and one known earth fissure
located immediately downstream of the Powerline FRS embankment at about Station 115+45.
There also is a high probability that the earth fissure near Station 115+45 extends beneath the
existing embankment. It is suspected that subsidence patterns at the Powerline FRS will continue
into the future, potentially causing further development of fissures in this area.

The studies have developed, through various techniques and methods, earth fissure risk zone
mapping for the PVR structures. Figure C-8 in Appendix C is the earth fissure risk zones
prepared for the PVR structures. As depicted in the risk zone map, Powerline FRS has portions of
the dam within all four zones. Vineyard Road FRS is within two zones, and Rittenhouse FRS falls
within one zone (the lowest probability zone). The zones are defined below.

In general terms, the earth fissure risk delineating process has evolved to include 4 general earth
FRZs that are broadly similar from site to site, although the exact definitions of the FRZs vary from
one site to another. The numbering system used to identify the four zones has changed through time
and from site to site, so a better understanding of the level of risk is provided by the actual
definition than by the zone number. The four FRZ definitions can be summarized as follows:

= Zone 1: An area with a known earth fissure(s), a high probability for the presence of earth
fissures without surface expression, or a high probability for the future development of earth
fissures.

= Zone 2: An area that in the future is likely to experience tensional ground strain that could
cause earth fissures, yet no earth fissures have been identified to date. An area with a
moderate probability for the future development of earth fissures.

= Zone 3: An area that has or is likely to experience some tensional ground strain, though not
great enough to result in earth fissures. An area with a low to moderate probability for the
future development of earth fissures.

= Zone 4: An area that has not, and is not expected to, experience tensional ground strain. An
area with a low probability for the future development of earth fissures.

The key terms used in the FRZ definitions are the presence of known fissures or the high, moderate,
low to moderate or low probability for the future development of earth fissures.
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4.3 SoOILS

The soils in the majority of the Vineyard Road and Rittenhouse Flood Retarding Structures
watershed are classified by NRCS in hydrologic soil group (HSG) B and D. In the vicinity of the
dam the soil is the Mohall loam to Mohall clay loam association (HSG D). At the higher elevations
in the watersheds the soils are classified as Gachado-Lomitas-Rock Outcrop to Rock Outcrop (HSG
B). The watershed is approximately 10- 20 percent vegetated with desert scrub on flat terrain to
desert trees along wash corridors.

4.4 SURFACE WATER

The Vineyard Road and Rittenhouse Flood Retarding Structures controls runoff from a 52.1 and
47.7 square mile drainage area, respectively, that lies east of the dams. The dams receive surface
flows from many ephemeral washes. During high flow events the surface water originating from
the foothills of the Superstition Mountains collect at the dams and are gradually released to a
channel (Powerline Floodway) located at the north end of the Vineyard Road FRS. The Powerline
Floodway discharges to the East Maricopa Floodway. Outflows from the dams are conveyed by
the principal spillways and the two 300-foot wide Vineyard Road auxiliary spillways and the 600-
foot-wide earth-lined auxiliary spillway for Rittenhouse.

Numerous hydrologic surface water evaluations (e.g. rainfall-runoff volumes) have been conducted
as part of the planning study for the Powerline, Vineyard Road, and Rittenhouse FRS
Rehabilitation or Replacement Project. These evaluations provide the hydrologic basis of the
evaluation of existing conditions at the three dams and the basis of evaluation of planning
rehabilitation or replacement alternatives. The evaluations were conducted for various storm
frequency events, existing and future land use conditions, and planning alternatives.

A summary of the hydrologic and hydraulic evaluations is provided in the “Investigation and
Analysis Summary Report” in Appendix D. Electronic PDF files of the hydrologic and hydraulic
studies and evaluations are provided on the enclosed compact disk (CD).

45 WATER QUALITY

The Vineyard Road and Rittenhouse Flood Retarding Structures and watersheds are located in the
Arizona Department of Water Resources Phoenix Active Management Planning Area (AMA). The
AMA was established pursuant to the 1980 Arizona Groundwater Management Act. The other
AMA:s include the Santa Cruz AMA, the Tucson AMA, the Pinal AMA, and the Prescott AMA. A
review of the on-line Phoenix AMA water database indicates that there are no perennial streams
and that there are no impaired lakes or streams located within the watershed. The washes within the
watersheds are ephemeral flowing only in response to rainfall events. When flows do occur in the
washes, the stormwater runoff typically becomes laden with sediment. This stormwater flows from
the watershed into the Vineyard Road and Rittenhouse Flood Retarding Structures FRS
impoundments.

The Vineyard Road and Rittenhouse Flood Retarding Structures has no direct effect on water
quality in terms of designated beneficial uses, impairment of those uses, or pollutants or parameters
that exceed standards.
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46 WATER CONVEYANCE INFRASTRUCTURE

The Powerline Floodway, discussed in Section 2.1 above, conveys discharges from the principal
spillways from both the Powerline FRS and the Vineyard Road FRS. The floodway conveys flows
from the dams to the East Maricopa Floodway (EMF). The Powerline Floodway, approximately
eight miles long, has a number of side inlets along the length of the floodway to capture and convey
offsite flows in addition to the flows from the dams.

The Central Arizona Project (CAP) comprises a 336-mile-long system of aqueducts, tunnels,
pumping plants, and pipelines. The CAP is managed and operated by the Central Arizona Water
Conservation District (CAWCD). The CAP canal passes through the study area, entering in Apache
Junction between Meridian Road and Ironwood Road, running in a south-southeasterly direction
approximately parallel to and downstream of the PVR dams. The average width of the canal is 80
feet across.

4.7 SEDIMENTATION

The Watershed Plan summarizes the sedimentation investigation conducted for Vineyard Road and
Rittenhouse Flood Retarding Structures. The structures were designed to provide a total
cumulative sediment storage capacity of 178 and 175 ac-ft for 50-years of sediment storage.

The Flood Control District of Maricopa County recently completed an updated projected sediment
yield estimation for the three dams (Sediment Yield Estimation for Powerline FRS, Sediment Yield
for Vineyard Road FRS, and Sediment Yield Estimation for Rittenhouse FRS, FCD, Dec. 2010).
The District’s results indicate a sediment yield of 0.238 ac-ft/mi?for Powerline resulting in a 100-
year sediment volume of 810 acre-feet. The District’s results indicate a sediment yield of 0.272 ac-
ft/mi® for Vineyard resulting in a 100-year sediment volume of 1,422 acre-feet. The District’s
results indicate a sediment yield of 0.151 ac-ft/mi? for Rittenhouse watershed resulting in a 100-
year sediment volume of 641 acre-feet. The District does not have records of actual sedimentation
rates. A summary of the sedimentation estimation is provided in the “Investigations and Analysis
Report” in Appendix D.

For this planning study and based on the previous sediment yield investigations under the original
watershed workplans and subsequent studies, design criteria for alternatives that involve a dam
rehabilitation a frequency based sediment volume of 100-years was recommended. This would
estimate the sediment to a dam rehabilitation alternative (using the District updated sediment
yields) of the three structures to be 810 acre-feet, 1,422 acre-feet, and 641 acre-feet for Powerline,
Vineyard Road, and Rittenhouse, respectively. This frequency and volumes allow for the potential
of future projected sediment being delivered to the structures beyond what is currently being
actually recognized and for allowance of accumulation of sediment over time.

4.8 VEGETATIVE COMMUNITY

The project area is within Lower Colorado River Valley Subdivision of the Sonoran Desert Scrub
community. The majority of the project area is flat and sparsely vegetated, with the majority of the
vegetation occurring along the ephemeral washes. Very dense mesquite bosques, containing velvet
mesquite (Prosopis velutina), blue paloverde (Parkinsonia florida), catclaw acacia (Acacia
greggii), and cottonwoods (Populus fremontii) are present near and adjacent to the FRSs. The
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mesquite bosques provide valuable food, shelter, and travel corridors for multiple mammal, avian,
and reptile species. Additionally, higher plant species diversity was observed within the mesquite
bosques. The majority of the mesquites observed within the bosque ranged from 20-30 feet in
height. The width of the mesquite bosque ranged from 200 feet to over 650 feet.

The most common plants observed in the upland areas were creosote bush (Larrea tridentata) and
within and along the washes the velvet mesquite (Prosopis velutina) was the dominant plant

species. A non-inclusive listing of plant species observed during the “windshield survey” is

included in Table 4 - 1. Multiple grasses (native and non-native), weedy species, and wildflowers
were also observed. The overall vegetation cover within the project area is approximately 10-20
percent. However, along the larger washes and within the mesquite bosques, vegetation cover is
much higher approximately 60-80 percent.

Table 4 -1 Non-Inclusive Listing of Vegetation

Common Name

Scientific Name

Comments

velvet mesquite

Prosopis velutina

Dominant species washes/near
cattle ponds

blue paloverde

Parkinsonia florida

Sporadic occurrences

catclaw acacia

Acacia greggii

Sporadic occurrences

ironwood Olneya tesota Sporadic occurrences
Mexican paloverde Parkinsonia aculeata Isolated occurrence
desert hackberry Celtis pallida Sporadic occurrences, near

large areas of mesquite

Fremont cottonwood

Populus fremontii

Two trees observed in
southern portion of project
area

desert broom

Baccharis sarothroides

Common throughout

creosote

Larrea tridentata

Dominant species in upland
areas

desert globe mallow

Sphaeralcea ambigua

Sporadic occurrences

brittle bush

Encelia farinosa

Common throughout

barrel cactus

Ferocactus spp.

Occasionally observed, more
common in southern portion
of project area

saguaro

Carnegiea gigantea

Occasionally observed.

Arizona grape

Vitis arizonica

Associated with mesquite
bosques, larger washes, and
cattle ponds

4.9 WETLANDS/SIGNIFICANT NEXUS ANALYSIS

Kimley-Horn prepared a Significant Nexus Analysis (SNA) for the PVR FRSs Rehabilitation or
Replacement Project (Kimley-Horn, May 2012) in order to determine if the project area contains

areas considered jurisdictional by the U. S. Army Corps of Engineers (Corps) under Section 404 of
the Clean Water Act (CWA). The SNA was submitted to the Corps of Engineers in June 2012 and
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the Corps has submitted the SNA to the U.S. Environmental Protection Agency (EPA) in January
2013.

In October 2008, a 6.9-mile reach of the Lower Gila River from Powers Butte to Gillespie Dam
was designated a “traditional navigable water” or TNW by the U.S. Army Corps of Engineers
(Corps). Therefore, the nearest TNW to the project area is the Lower Gila River from Powers Butte
to Gillespie Dam. The project limits consist of the District’s modified easement area (6,237 acres)
with the Arizona State Land Department (ASLD), which includes the FRSs, flood pool areas,
Powerline Floodway, and maintenance access roads. This SNA includes the project limits and
extends to the TNW via the Powerline Floodway, the East Maricopa Floodway (EMF) and Gila
River.

The waters analyzed do not significantly affect the chemical, physical, and biological integrity of
the downstream TNW, therefore, the waters appear not to be jurisdictional waters of the U.S.
Concurrence has not been received by the Corps or EPA as of the date of this report. Further
discussion of the SNA is provided in the “Investigation and Analysis Report” in Appendix D.

4.10 FISH AND WILDLIFE

Kimley-Horn conducted a Biological Evaluation (BE) study for the PVR FRSs Rehabilitation or
Replacement Project and is documented in the report titled “Powerline, Vineyard Road and
Rittenhouse Flood Retarding Structures Rehabilitation or Replacement Project - Biological
Evaluation” (Kimley-Horn, July 2010) and is summarized in the “Investigation and Analysis
Report” in Appendix D.

The purpose of the biological evaluation was to document the existing habitat conditions of the
project area, and document any species or species specific habitat observed during field biological
reconnaissance visits. This assessment focused on gathering general habitat information for the
project area and the potential for any threatened, endangered, candidate, or other sensitive species
or associated species habitat to occur within the project area.

The majority of the project area is flat and sparsely vegetated, with the majority of the vegetation
occurring along the ephemeral washes. Very dense mesquite bosques, containing velvet mesquite
(Prosopis velutina), blue paloverde (Parkinsonia florida), catclaw acacia (Acacia greggii), and
cottonwoods (Populus fremontii) (very rare) are present near and adjacent to the FRSs. The
mesquite bosques provide valuable food, shelter, and travel corridors for multiple mammal, avian,
and reptile species. Additionally, a higher plant species diversity was observed within the mesquite
bosques. The majority of the mesquites observed within the bosque ranged from 20-30 feet in
height. The width of the mesquite bosque ranged from 200 feet to over 650 feet. There are no fish
in the project area.

411 THREATENED AND ENDANGERED SPECIES

The U.S. Fish and Wildlife Service (USFWS) threatened, endangered, proposed, and candidate
species lists for Pinal (dated March 5, 2012) and Maricopa (dated January 19, 2012) Counties were
reviewed by a qualified biologist to determine species potentially occurring in the project vicinity.
A qualified biologist reviewed these lists and determined that no threatened, endangered species or
their habitat would be affected by a future proposed project. Suitable habitat is present for the
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Tucson shovel-nosed snake (Chionactis occipitalis klauberi) and dispersal habitat is present for the
Sonoran desert tortoise (Gopherus agassizii). These are candidate species that maybe become
listed in the future.

The Arizona Game and Fish Department’s (AGFD) Heritage Data Management System (HDMS)
provided a list of special status species dated April 5, 2012 that have been documented as occurring
within three miles of the project area. The AGFD online review tool did list two species of
concern: Tucson shovel-nosed snake and pocketed free-tailed bat (Nyctinomops femorosaccus).
Additionally, the project contains suitable habitat for the western burrowing owl (Athene
cunicularia hypugaea) which is protected under the Migratory Bird Treaty Act. Therefore, these
species are discussed in more detail below. Species included in the USFWS threatened,
endangered, proposed, and candidate list but were excluded from further evaluation are provided in
the Biological Evaluation Report.

Sonoran Desert Tortoise

The Sonoran desert tortoise is currently listed as a candidate species by the USFWS and will likely
be listed as threatened or endangered with critical habitat designated in the future. According to
the AGFD the Sonoran desert tortoise is found from northern Sinaloa, Mexico north to southern
Nevada and southwestern Utah and from south central California to southeastern Arizona. The
Sonoran Desert tortoise is only found south east of the Colorado River while the Mojave population
is found north and west of the Colorado River. In Arizona, the Sonoran Desert tortoise occurs
primarily on rocky slopes and bajadas of Mojave and Sonoran desert scrub. Adequate shelter is one
of the most important habitat features for the Sonoran Desert tortoise. Loose soils are required to
excavate burrows, which are typically found under rocks and boulders and occasionally under
vegetation. The Sonoran Desert tortoise typically consumes a variety of annual/perennial grasses,
forbs, and succulents. According to the AGFD, recently a microhabitat selection study was
conducted east of Phoenix on the Florence Military Reservation. Tortoise were found to use gently
rolling alluvial fans bisected by desert washes, as opposed to boulder-strewn hillsides, and selected
habitat with a higher percentage of vegetative canopy cover. Based on this information, desert
tortoises could utilize the project area as dispersal habitat.

Tucson Shovel-Nosed Snake

The Tucson shovel-nosed snake is currently listed as a candidate species by the USFWS and will
likely be listed as threatened in the future. The Tucson shovel-nosed snake is found in more
productive creosote-mesquite floodplain habitats, with soils described as soft, sandy loams, with
sparse gravel at elevations ranging 785 — 1,662 feet above sea level. The project area has suitable
habitat throughout, particularly in areas containing ephemeral washes where soils are suitable for
burrowing. The snake is known to be present only in Pima and Pinal counties, but a historical
record of this species exists in Maricopa County just south of Gila Bend, Arizona.

Pocketed Free-Tailed Bat

The pocketed free-tailed bat is currently listed as a U.S. Forest Service Sensitive species. The
pocketed free-tailed bat is found in arid lower elevations usually around high cliffs and rugged rock
outcrops. The pocketed free-tailed bat is found in a variety of plant associations including desert
shrub and pine-oak forests. Typical roost sites include rock crevices during the day, and may
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include human built structures. During dry seasons the bat will utilize water sources with open
access and a large available surface area to obtain water. Elevation ranges from 190 to 7,520 feet.
The project area contains multiple stock tanks which the pocketed free-tailed bat could utilize as a
source of water. Suitable prey for the bat is also likely to be present within the project area.
However, the project area does not contain any high cliffs, rugged rock outcrops, or human
structures which the bat could utilize as roost sites. Therefore, it is unlikely that the pocketed free-
tailed bat is present within the project area.

Western Burrowing Owl

The burrowing owl is protected under the Migratory Bird Treaty Act and Arizona State Law, Title
17-101, 235, 236 (USFWS 2003). As defined in the Arizona Game and Fish Departments
Burrowing Owl Survey Protocol, suitable habitat for burrowing owl nesting habitat typically
consists of dry, treeless, short-grassland or prairie plains. In the desert environment, they nest in
areas of short, open scrublands such as mesquite (Prosopis spp.), creosote bush (Larrea tridentata),
rabbit-brush (Chrysothanmus nauseous), and four-wing saltbush (Atriplex canescens). Burrowing
owls will nest in human-modified landscapes such as: abandoned lots within rapidly developing
urban areas, airports, golf courses, agricultural fields, irrigation canals, storm drains, roadsides, and
parking lots. In the western United States, burrowing owls do not dig their own burrows, and
therefore, depend on the presence of burrowing mammals. The project area does contain suitable
habitat for the burrowing owl. The majority of the suitable habitat for the burrowing owl is
northeast of the mesquite bosque areas, where there are fewer trees and more open areas.

4.12 TRANSPORTATION

Major existing transportation corridors near the Powerline FRS, Vineyard Road FRS, and
Rittenhouse FRS are Loop 202 (5 miles east of Powerline FRS), US 60 (0.5 mile north of north end
of Powerline FRS), Baseline Road (just north of Powerline FRS), and Ironwood Drive (located east
of the dams).

Future transportation freeway corridors are currently being planned within the study area by the
Avrizona Department of Transportation (ADOT). These include State Route 802 and the North-
South Freeway. Potential alternative alignments of these freeways cross within the Sponsor’s
modified easement. Some alignments are shown to cross the actual dam embankment or near the
existing auxiliary spillway at Rittenhouse FRS.

4,13 LAND USE

The majority of the Vineyard Road and Rittenhouse Flood Retarding Structures watershed is
owned by Arizona State Land Department Trust Lands (ASLD) and the US Forest Service (Tonto
National Forest). Downstream of the dams is State Trust Lands, CAP (Bureau of Reclamation),
and private lands. Land use in the study area upstream of the dams is open desert. Downstream of
the dams is open desert, rural residential, master planned subdivisions, and agriculture.
Municipalities located near the dams include the City of Mesa and Town of Queen Creek.

Future planning efforts for the vast majority of the surrounding project study area is within the
ASLD Superstition Vistas planning area. Superstition Vistas includes approximately 175,000 acres
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of raw desert land. Scenario B of the Superstition Vistas Scenario Report (East Valley Partnership,
2009) includes the following:

= This (scenario) is designed around multiple pedestrian-friendly, mixed-use areas,
concentrated on the transit system and around major roadways. These areas are urban, town
and village centers and include attached housing products mixed with retail and
employment.

= Due to the breadth of housing choices, the organization of uses, and a sustained effort to
catalyze economic development, Scenario B attracts employers and has a better balance of
jobs and housing than Scenario A.

= |n this scenario, Superstition Vistas would have about the same jobs-to-household ratio as
the region as a whole.

= The housing mix is designed to appeal to a broad spectrum of the population to support both
workforce and higher-end housing. The housing types offer more choice than those
currently under construction in the area. There are more apartments, condos and
townhouses, as well as single-family homes. There is also more mixed-use development.

= The transportation system includes commuter rail and light rail, and higher densities are
focused around the transit stops. Land uses and transportation networks are designed to
facilitate pedestrian, transit, and bicycle travel, rather than just the car. Streets form a
connected pattern to disperse traffic and increase transportation efficiency. Many of the
new industries are sited along major transportation routes.

= There is greater preservation of the surrounding habitat areas than Scenario A and a
somewhat smaller footprint, with less development in the foothills.

4.14 LAND RIGHTS AND RELOCATIONS

The lands in the vicinity of the FRSs are in both private and public ownership. Land Ownership
Information (for the downstream area): Private Land — 87%, State/Local 12%, Federal 1%. No
land rights acquisitions or relocations are anticipated for this project.

4.15 [IMPORTANT AGRICULTURAL LANDS

Currently agriculture and rangelands make up a minor percentage of the economic base
downstream of the Vineyard Road and Rittenhouse Flood Retarding Structures. Today, crops of
cotton and alfalfa are present in the downstream vicinity of the dams. All of the farms downstream
of the PVR dams are not considered to be prime farmlands.

4,16 DEMOGRAPHICS, MINORITY, AND DISADVANTAGED POPULATIONS

Data on racial and ethnic minority populations for the PVR FRSs Social Population and
Demographics Existing Conditions Study (SPDECS) area is provided in the report titled “Social
Population and Demographics Existing Conditions Study for Powerline, Vineyard Road and
Rittenhouse Flood Retarding Structures Rehabilitation or Replacement Project” (Kimley-Horn,
July 2010). The majority of the total population encompassing the Powerline, Vineyard Road and
Rittenhouse Flood Retarding Structures (PVR FRSs) area is White which comprises 86.9% of the
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population. The total minority population is 13.1% with the breakdown of racial and ethnic
demographics as follows: Black or African American 1.4%; American Indian and Alaskan Native
1.0%; Asian 1.2%; Native Hawaiian and other Pacific Islander 0.2%; Other 6.6%; Population of
Two or More Races/Not Hispanic or Latino 2.8%. The percentages of racial, ethnic and total
minority populations appear to be consistent with those of the surrounding communities.

The demographics were conducted on the area defined as the “Social Population Demographics
Existing Conditions Study area’ (SPDECS) for the Powerline, Vineyard Road, and Rittenhouse
FRSs and documented in the “Social, Population and Demographics Existing Conditions Study”
(Kimley-Horn July, 2010). The analysis approach was based on Census Track and Block Groups
within and adjacent to the SPDECS study area. The source of the data is the decennial Census
2000 data sets from the United States Census Bureau (Census 2000). The SPDECS study is
summarized in Appendix D — Investigation and Analysis Report.

The median household income for the PVR FRSs area is between $32,055 and $101,124 for an
average median household income of $60,789. This represents a slightly higher median household
income than the neighboring communities which range between $33,170 (Apache Junction) and
$68,032 (Gilbert) for an average median household income of $58,399.

4.17 AIR QUALITY/NOISE/LIGHT
Air Quality

The project area is located within non-attainment areas for the following pollutants: Ozone 8-hour
and PMjig.

Pinal County administers air quality in Pinal County through the Pinal County Air Quality Control
District (PCAQCD). The PCAQCD code of regulations (October, 2010) includes construction site
rules which would be applicable to construction activities for the PVR project.

Noise

Pinal County noise ordinance is known as the “Excessive Noise Ordinance”. The ordinance
includes limiting sound levels for land use districts and construction state/stop times for
construction of buildings and other projects.

Light

Pinal County has an outdoor lighting code within the County’s zoning ordinance which is intended
to restrict the permitted issues of outdoor artificial illuminating devices emitting undesirable rays
into the night sky. This code includes shielding and filtration requirements and prohibitions on
specific lighting types.

418 CULTURAL RESOURCES

A review of NRCS project documentation for the flood retarding structures indicates that there
were no known cultural resource considerations during original design and construction of the
dams. There are also no known cultural considerations during the repairs of the dams conducted by
the NRCS during 1978 to 1991.
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A Class Il cultural resource survey was completed in December 2009 for geotechnical studies
related to the PVR FRSs Rehabilitation or Replacement Project. The survey entitled, Class I11
Cultural Resources Survey Along the Powerline, Vineyard, Rittenhouse Flood Retarding Structures
Between Queen Creek and Apache Junction, Pinal County, Arizona (Jones and Florie 2009)
included the results of a “site file check” as well as those of the field survey for the specific
geotechnical work that was to be performed. The review area for the PVR FRSs 2009 cultural
resource study is a one mile buffer around the PVR FRSs structures.

The 2009 Class 111 report was prepared in compliance with the National Historic Preservation Act
of 1966 (as amended); Arizona State Antiquity laws (A.R.S. 8 41-841 et seq); and the State Historic
Preservation Act (A.R.S. § 41-861 through § 41-864). The site file check for the review area
(including the one mile buffer) that was conducted as a component of that report included site
records and project files at the State Historic Preservation Office (SHPO) and the AZSITE cultural
resource database. Hereinafter, the site file check component of the 2009 Class 11 survey effort is
referred to as the “2009 cultural resource study”.

Previous Research

The 2009 cultural resource study indicated that at least 59 cultural resource investigations/surveys
have taken place within the review area. Most of these previous survey areas are linear in nature
and cut across the review area. Nine of these surveys are over 10 years old and therefore would
require re-evaluation and resurvey in accordance with SHPO guidance (SHPO Guidance Point No.
5, 2004). Two other investigations were extensive block surveys, conducted for the Lost Dutchman
Heights project areas. These surveys covered portions of the review area in the vicinity of the
Powerline FRS.

Previously Recorded Cultural Resources

Within the review area there were 72 previously recorded archaeological sites and one
archaeological district identified in the 2009 cultural resource study. Though the vast majority of
these sites are prehistoric artifact scatters, some with features of habitation sites (approximately 69),
there are several historic sites and an archaeological district.

Of the 72 previously recorded sites, seven have been Determined eligible for the National Register
of Historic Places (NRHP); 33 are Recommended as eligible for the NRHP; two have been
Determined as not eligible; six are Recommended as not eligible; and 24 have not been evaluated.
The archaeological district is Recommended as eligible' (Note: Sites “Determined” eligible/not
eligible have been evaluated by the SHPO; sites “Recommended” have been evaluated only by
their recorder and not the SHPO).

Conclusions and Recommendations

The Sponsor is presently conducting a Class 111 cultural resources survey for the Area of Potential
Effect (APE) for the Preferred Alternative. The purpose of the survey is to conduct a site
reconnaissance of the APE for identification and location of cultural resource sites. The completion
of the site survey is anticipated in late spring 2013. The cultural resources survey will also identify
potential sites that may require mitigation. Mitigation will be conducted in a phased approach prior
to construction of the elements of the PVR preferred alternative.

As noted above previous cultural resources surveys and research in the vicinity suggest that there
would be a significant number of archaeological sites located within the area of potential effects for
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the project. Sites in the APE that will not be subject to project-related impacts will be avoided by
project implementation activities. Data recovery studies will be performed to mitigate impacts to all
sites likely to suffer project-related impacts. Based on known sites in the vicinity, the majority of
the cultural resources present would be either prehistoric sites without evidence of habitation
(which might include scatters of artifacts on the surface, or artifacts with remnants of just one or a
few roasting pits, agricultural features, and/or other non-habitation features) or historical sites
(which might include homesteads, farming or ranching features, or simply scatters of historical
artifacts). Most of the remaining sites would be smaller prehistoric habitation sites, with up to two
relatively large prehistoric habitation sites. Based on experience with recent data recovery efforts in
central and southern Arizona, cultural resources mitigation costs have been estimated.

Formal consultation with the Arizona State Historic Preservation Office (SHPO) has been recently
initiated following identification of the Preferred Alternative. The initial SHPO consultation
correspondence is on file with the NRCS. Consultations with SHPO will continue through the
design phase as final alignments, borrow materials, and other disturbance areas are further
identified. Formal consultation with Tribal Historic Preservation Offices (THPOs) have recently
been initiated following identification of the Preferred Alternative. Consultations with THPOs will
continue through the design phase as final alignments, borrow materials, and other disturbance
areas are identified.

419 STATUS OF OPERATION AND MAINTENANCE

The current “Operation and Maintenance Agreement” (O&M) for the Vineyard Road and
Rittenhouse Flood Retarding Structures is dated July 14, 1970. The agreement is between the
NRCS and the Flood Control District. The Flood Control District is the local Sponsor. The current
operation and maintenance activities include annual inspections, crest surveys, sediment and debris
removal activities, repair of erosion features, and weed and rodent control/abatement.

420 HAZzZARD CLASSIFICATION

The FRSs are designated as a high hazard structures by ADWR and NRCS. High-hazard-potential
structures are defined as, “dams located where failure may cause loss of life, serious damage to
homes, industrial and commercial buildings, important public utilities, main highways, or
railroads.” In addition, because of the potential loss of lives and property damage that could occur
in the event of failure, the structures were classified by ADWR as an “intermediate” sized structure
with a “high-hazard” potential.

421 POTENTIAL FAILURE MODES

As noted in the previous section, ADWR and NRCS both classify the Vineyard Road and
Rittenhouse FRSs as a high hazard dams with the potential for loss of life if the dams were to
suddenly fail. Potential failure modes were identified and qualitatively evaluated in the “Final
Failure Mode and Effects Analysis Report: Cave Buttes Dam, Powerline FRS, Vineyard Road FRS,
Rittenhouse FRS, Spook Hill FRS, Signal Butte FRS, and Apache Junction FRS (KHA, July 2002).
The FMEA identified four Category | and five Category Il potential failure modes for Vineyard
Road FRS and identified three Category | and six Category Il potential failure modes for
Rittenhouse FRS. The potential failure modes for each dam are listed below.
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4.21.1 HYDROLOGIC FAILURE MODES
The July 2002 FMEA identified one hydrologic potential failure mode for each dam. These are:
= Vineyard Road FRS:

Failure from Overtopping of Dam Crest Due to Very Large Flooding Events
Approaching the PMF. (Category 1). Hydrologic studies conducted for Powerline,
Vineyard, and Rittenhouse FRS indicated there is a potential for Vineyard Road FRS to
be overtopped by the full PMF storm event. The overtopping may be on the order of a
maximum of 0.45 feet for a total discharge duration of 5.0 hours. As overtopping flows
increase erosion of the top of dam crest and downstream slope would then occur leading
to an eventual breach of the dam.

= Rittenhouse FRS:

Failure from Overtopping of Dam Crest Due due to PMF (Category ). Hydrologic
studies conducted for Powerline, Vineyard, and Rittenhouse FRS indicated there is a
potential for Rittenhouse FRS to be overtopped by the full PMF storm event. The
estimated amount of overtopping based on the design crest elevation may be on the
order of a maximum of 0.45 feet for a total discharge duration of 5.0 hours. As
overtopping flows increase erosion of the top of dam crest and downstream slope would
then occur leading to an eventual breach of the dam.

4.21.2 STRUCTURE FAILURE MODES
The July 2002 FMEA identified sixteen structure related potential failure modes. These are:
= Vineyard Road FRS (Category I)

1. Failure from Potential Earth Fissure(s) Through the Dam Embankment in
Association With a Significant Flooding Event. The presence of existing earth
fissures in the vicinity of Powerline FRS which is adjacent to Vineyard Road FRS
demonstrates the possibility for an earth fissure to manifest itself at the Vineyard
dam embankment. An earth fissure could cause a structural failure of the
embankment by opening a crack through the structure. Alternately the fissure could
undermine the dam embankment by abruptly causing separation of the structure at
the foundation with the dam bridging the fissure. If the fissure occurred in
association with a large flood the structural failure from the fissure would provide a
path for a seepage erosion breach. Potentially there will not be a high level of water
impoundment during fissure expression. In such case there would be a minimal loss
of water.

2. Failure from Seepage Erosion Through Transverse Cracks Causing Breach of the
Dam in Association with a Major Flooding Event. Potential for impounded water to
infiltrate and flow into a transverse crack(s) existing in embankment prior to the
major flooding event or a transverse crack that develops in association with the
flooding. The transverse crack allows the entry of a great enough flow of water to
initiate seepage and breaching failure. Generally, the mechanics of the potential
failure need to be linearized such that there is an upstream transverse crack(s) or
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inflow zone lined-up with a defect in the central filter, which in turn is lined-up with
a downstream transverse crack(s).

3. Failure from Seepage Erosion Resulting from a Flow Path Through Foundation and
Along the Dam/Foundation Contact. This potential failure mode has three potential
failure pathways. Pathways A and B were rated as Category | potential failure
modes. Pathway C was rated under Category Il. This potential failure mode is
initiated by transverse and longitudinal cracks carrying water to foundation in
contact with Holocene soils. Path A is initiated by flow into longitudinal and
transverse cracks that do not extend through the central filter but do extend to the
foundation materials. Path B is initiated through flow into differential settlement
cracks. Path C is initiated from flow through remnant upstream borrow areas that
potentially have exposed gravels through which a seepage pathway develops
through buried channels into the foundation Holocene materials. Generally, the
potential failure mode mechanism is a loss of reservoir via the development of
erosion/piping tunnel and a subsequent breach of dam via downstream embankment
slope collapse.

= Rittenhouse FRS (Category 1)

4. Failure from Seepage Erosion Through Transverse Cracks Causing Breach of the
Dam in Association with a Major Flooding Event. Potential for impounded water to
infiltrate and flow into a transverse crack(s) existing in embankment prior to the
major flooding event or a transverse crack that develops in association with the
flooding. The transverse crack allows the entry of a great enough flow of water to
initiate seepage and breaching failure. Generally, the mechanics of the potential
failure need to be linearized such that there is an upstream transverse crack(s) or
inflow zone lined-up with a defect in the central filter, which in turn is lined-up with
a downstream transverse crack(s).

5. Failure from Seepage Erosion Resulting from a Flow Path Through Foundation and
Along the Dam/Foundation Contact. This potential failure mode has three potential
failure pathways. Pathways A and B were rated as Category | potential failure
modes. Pathway C was rated under Category Il. This potential failure mode is
initiated by transverse and longitudinal cracks carrying water to foundation in
contact with Holocene soils. Path A is initiated by flow into longitudinal and
transverse cracks that do not extend through the central filter but do extend to the
foundation materials. Path B is initiated through flow into differential settlement
cracks. Path C is initiated from flow through remnant upstream borrow areas that
potentially have exposed gravels through which a seepage pathway develops
through buried channels into the foundation Holocene materials. Generally, the
potential failure mode mechanism is a loss of reservoir via the development of
erosion/piping tunnel and a subsequent breach of dam via downstream embankment
slope collapse.

= Vineyard Road FRS (Category Il)

6. Failure From Seepage Erosion Due to Piping Through Foundation. This potential
failure mode has three potential failure pathways. Pathways A and B were rated as
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10.

Category | potential failure modes and presented above. The Failure Mode from
Pathway C is initiated through remnant upstream borrow areas that potentially have
exposed coarse materials (e.g. sands and gravels) in contact with reservoir water
which provides a seepage pathway through buried channels to Holocene materials in
the dam foundation. Generally, the erosion or piping tunnel and subsequent breach
of the dam via downstream embankment slope collapse into the erosion tunnel.

Failure from Potential Erosion of Abutments during Spillway Discharges. Vineyard
Road has two auxiliary spillways — one located at each abutment. The auxiliary
spillways are earth-lined limited service spillways. High velocity flows in the
spillways could potential erode the abutments of the dam causing loss of reservoir.
One erosion process would be direct erosion of the far end of the abutment which
forms the approach channel. This embankment is not protected but velocities are
less than farther down the spillway. The second erosion process would be erosion of
the training dike, which would then allow spillway discharges to begin eroding the
abutment of the embankment (which is in effect just the embankment wrapped
around to form the spillway channel).

Failure from Potential Embankment Slope Instability. Potential embankment slope
failure due to internal pressure in the central filter.

Failure from Piping Around Principal Spillway and Five Abandoned Irrigation
Outlets. Infiltration of water into embankment material around pipe and irrigation
outlets and is carried away due to seepage erosion along the pipe or due to piping
leading to foundation of an erosional tunnel, caving and formation of a breach
failure.

Failure from Seepage Erosion Due to Flow/Seepage Erosion Through Animal
Burrows. Small animal burrows have been documented in previous inspections and
field visits to the dam. The burrows are primarily due to ground squirrels and/or
kangaroo rats. The potential failure mode is water impounded on the upstream face
of the dam would infiltrate into the animal burrows. The infiltrated water would
initiate seepage erosion ultimately leading to an expanded erosion tunnel, collapse of
material from above the tunnel and breach of the dam.

= Rittenhouse FRS (Category I1)

11.

Failure from Potential Erosion of Left Abutment of the Dam During Spillway
Discharges. Rittenhouse FRS has one auxiliary spillway — located just to the left of
the left abutment of the dam. The auxiliary spillway is an earth-lined limited service
spillway. The spillway training wall protects most of the left abutment of the dam.
However, the spillway narrows a bit just before its terminus and the training wall
ends before reaching the main dam/end of the left abutment. Thus, it is possible that
spillway flows could deflect towards the corner of the dam (junction of the left
sidewall abutment) and the main (straight) portion of the dam. High velocity flows
in the spillway could potentially erode the training wall and the left abutment/main
dam causing loss of reservoir.
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12.

13.

14.

15.

16.

Failure from Potential Earth Fissure(s) Through the Dam Embankment in
Association With a Significant Flooding Event. The presence of existing earth
fissures nearby (within a few miles of Rittenhouse FRS) demonstrates the possibility
for an earth fissure to manifest itself at the dam embankment. An earth fissure could
cause a structural failure of the embankment by opening a crack through the
structure. Alternately the fissure could undermine the dam embankment by abruptly
causing separation of the structure at the foundation with the dam bridging the
fissure. If the fissure occurred in association with a large flood the structural failure
from the fissure would provide a path for a seepage erosion breach. Potentially there
will not be a high level of water impoundment during fissure expression. In such
case there would be a minimal loss of water.

Failure from Seepage Erosion and Erosion Tunnel Developing Around Gated
Irrigation Outlets. Infiltration of water into embankment material around pipe and
irrigation outlets and is carried away due to seepage erosion along the pipe or due to
piping leading to foundation of an erosional tunnel, caving and formation of a
breach failure. Note that a transverse crack could form at the compaction boundary,
such a failure process is part of transverse crack failure mode.

Failure from Potential Embankment Slope Instability. Potential embankment slope
failure due to internal pressure in the central filter.

Failure from Seepage Erosion or Piping Due to a Flow Path Through the
Foundation. This potential failure mode has three potential failure pathways.
Pathways A and B were rated as Category | potential failure modes and presented
above. The Failure Mode from Pathway C is initiated through remnant upstream
borrow areas that potentially have exposed coarse materials (e.g. sands and gravels)
in contact with reservoir water which provides a seepage pathway through buried
channels to Holocene materials in the dam foundation. Generally, the erosion or
piping tunnel and subsequent breach of the dam via downstream embankment slope
collapse into the erosion tunnel.

Failure from Seepage Erosion Due to Flow/Seepage Erosion Through Animal
Burrows. Small animal burrows have been documented in previous inspections and
field visits to the dam. The burrows are primarily due to ground squirrels and/or
kangaroo rats. The potential failure mode is water impounded on the upstream face
of the dam would infiltrate into the animal burrows. The infiltrated water would
initiate seepage erosion ultimately leading to an expanded erosion tunnel, collapse of
material from above the tunnel and breach of the dam.

4,22 CONSEQUENCES OF DAM FAILURES

Dambreak analyses were completed by JE Fuller/Hydrology & Geomorphology, Inc. in June 2007
on behalf of the District and LTM Engineering, Inc. The report titled “Emergency Action Plan for
Powerline, Vineyard Road, & Rittenhouse Flood Retarding Structures™ (JEF, 2007) documented
the inundation areas downstream from the three dams for emergency spillway discharges and from
dambreaks. Copies of the flood inundation mapping from the Emergency Action Plan for
Powerline FRS are included in Appendix C as Figures C-16 to C-19.
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The population-at-risk (PAR) downstream of the Vineyard Road FRS and Rittenhouse FRS was
conservatively estimated in the economics study conducted in support of this Plan/EA. The PAR
was estimated and documented in the “Economics Evaluation Technical Memorandum” (Gannett
Fleming, January 2013). The PAR is estimated to be 25,860 people for Vineyard Road FRS and
for Rittenhouse FRS is 38,700 people. These estimates are worst case based on simultaneous full
occupancy of the commercial buildings, schools, residences, etc. The methodology for determining
the PAR is provided in the “Investigation and Analysis Report” provided in Appendix D of this
Plan/EA.

4.23 AESTHETICS

A Site Analysis for the project study area extending out one mile around the PVR dams was
prepared. The Site Analysis identified site constraints and opportunities for the future development
of flood hazard mitigation solutions and for potential multi-use functions within the project study
area.

Some of the most visually striking and identifiable landforms within the project boundary are the
PVR dams themselves. The PVR dams total 11.6 miles in length and have respective maximum
heights of 26.1 feet, 16.5 feet, and 24.1 feet. The structures provide 12,036 acre-feet of flood
storage and 100-year flood protection for 147 square miles. Recommendations for the
rehabilitation of the flood retarding structures (if a rehabilitation alternative is selected) should
consider the functioning of the interconnected system, including its three embankments, three
reservoirs, four auxiliary spillways, and one floodway (Powerline Floodway).

Atop the FRS dams, spectacular panoramic views are afforded to additional identifiable and
noteworthy landforms such as the Superstition Mountains and Tonto National Forest to the
northeast, the Usery and Goldmine Mountains to the northwest, and the San Tan Mountains to the
southwest. The remaining prevailing landform comprises large, open flat areas, and jagged edged
vee-shaped incised drainages that carve into them. The drainages create finger-like patterns
overlaying the flat surface of the ground plane.

During the Site Analysis verification site visit, a significant amount of water was observed in the
low flow areas within the reservoirs upstream of the dams from a storm event. The dams and
associated reservoirs and low flow channels have altered the historic drainage pattern in a way that
allows pooling to occur immediately upstream of the dams. This altered drainage pattern created
an ideal environment for the formation of a unique mesquite bosque ecosystem immediately
upstream of the dams. Careful consideration should be given to future development of land and
resource goals and objectives, as well as desired recreation and open space functions to preserve
this unique ecosystem to the extend feasible as part of a larger regional habitat corridor. The
preservation of the mesquite bosque should also be considered for its potential to serve as an open
space amenity and attraction. The significant stand of trees should be considered vegetation of high
scenic quality.

The upstream portion of the watershed to the east of the PVR dams is primarily alluvial desert.
Land use is predominantly undeveloped land with some urban development occurring along the
study area fringes north and west of the PVR dams. In these areas, land use includes agriculture,
industrial, and low density housing. The landscape on the upstream side of the dams is unusual for
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its native Sonoran Desert scrubland context due the lushness provided by the mesquite bosques and
pooling in the low flow reservoirs.

The visually dominant dams adjacent to the mesquite bosques constitute another key component of
the landscape character. According to the Sponsor’s descriptions of methods for providing flood
protection for use in scenery and recreation resource assessments of context sensitivity, the
structural method employed in this context can be described as a “semi-hard structural method.”
While the primary objectives of the Sponsor’s Policy for Landscape and Aesthetic Treatment of
Flood Control Facilities are the preservation of natural landscapes and protection of local
community character, flood protection methods vary in their relative ability to complement or
enhance the visual character of the landscape setting and achieve context sensitivity.

The panoramic views provided from the tops of the embankments to the surrounding mountains are
spectacular. Sponsor’s policy is to not allow public access onto the dams. However, where
possible, views to the Superstition Mountains and Tonto National Forest to the northeast, views to
the Usery and Goldmine Mountains to the northwest, and views to the San Tan and distant
mountains to the south should be preserved and focused.

The view sheds as described in this section may be important to traditional (cultural) landscapes.
Consultation with appropriate tribes for proposed project input on traditional cultural properties has
been initiated.

USDA- NRCS Page 4-18 January 2013
Kimley-Horn and Associates, Inc.



Vineyard Road and Rittenhouse Flood Retarding Structures Draft Supplemental Watershed Plan
Pinal County, AZ and Environmental Assessment

5.0 ALTERNATIVES

5.1 GENERAL

The Vineyard Road and Rittenhouse FRSs are two of three earthen flood retarding structures
(Powerline FRS being the third) located east of the Central Arizona Project (CAP) canal. The three
structures were originally designed by the NRCS to operate as an integrated system as the principal
spillways at Powerline FRS and Vineyard Road FRS both discharge into a common channel — the
Powerline Floodway. The Rittenhouse FRS principal spillway discharges into the Vineyard Road
FRS flood pool. The result is that all three principal spillways eventually flow into the Powerline
Floodway. The “Powerline, Vineyard Road, and Rittenhouse FRSs Rehabilitation or Replacement
Project” (Project) was initiated to formulate alternatives to mitigate identified dam safety
deficiencies at the three dams. One of the objectives in the formulation of alternatives for the three
dams was to maintain the integrated operational relationship of the three dams (or alternatives) to
discharge to the Powerline Floodway. This Supplemental Watershed Plan and Environmental
Assessment (Plan/EA) presents the alternatives evaluated and preferred alternative for Vineyard
Road and Rittenhouse FRSs. The Vineyard Road and Rittenhouse FRSs is a structural plan
element of the Williams-Chandler Watershed Work Plan. A separate Supplemental Watershed
Plan/EA has been prepared for the Powerline FRS as this dam is a structural element of the Apache
Junction-Gilbert Watershed Work Plan.

This section describes the development and formulation of planning alternatives for the Powerline,
Vineyard Road, and Rittenhouse Flood Retarding Structures Rehabilitation or Replacement Project.
The formulation of alternatives was developed to meet Sponsor (District) goals and to mitigate or
eliminate identified inadequacies associated with the structures.

The primary project goal as defined by the District is to develop an implementable project designed
to maintain or improve upon the level of flood protection currently being provided by the PVR
FRSs and associated features for the new PVR Project life of 100-years. The Project must meet
both District and NRCS requirements for flood protection and must meet District, NRCS and
Arizona Department of Water Resources requirements for dam safety.

A secondary project goal is to feasibly minimize the future project “footprint”, the overall land area
encompassed by the future flood control features and flood conveyance and flood impoundment
land areas, and to identify other potential land uses and activities that are compatible with the safe
and proper function, operation and maintenance of the future PVR Project and associated features.

5.2 FORMULATION PROCESS PRELIMINARY ALTERNATIVES

The District, NRCS, and Consulting team held three preferred alternatives selection workshops.
These workshops were held on December 8, 2010, April 26, 2011, and April 19, 2012. The
purpose of the workshops was to discuss and screen the formulated alternatives and measures. The
results of the workshop meetings are summarized in the memorandums for those workshops.
Several of the alternatives and measures were screened and determined by the workshop attendees
(consisting of the District, NRCS, Arizona State Land Department, and other stakeholder
representatives) to be unreasonable because the alternatives were not technically feasible, estimated
costs were too excessive compared to other alternatives, an alternative was incorporated or
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combined with another alternative, and/or did not meet the purpose and need for the project. Note
that the alternatives are formulated on a system wide approach (integrated system) such that all
three dams were included in an alternative rather than a separate alternative developed for each
dam. This system approach was taken to maintain the functional and operational relationship of the
three PVR structures. Full descriptions of the alternatives noted below are provided in the “Level |
Final Alternatives Summary Report” (KHA, February 2011) and the “Level Il Final Alternatives
Summary Report” (KHA, June 2012). The alternatives eliminated from further detailed study were
screened in the alternatives workshops and documented in the workshop notes (see Appendix C in
Level Il Final Report for workshop notes and ranking matrices).

The “ Level 1l Final Alternatives Summary Report” (Kimley-Horn, June 2012) identified five
structural alternatives for plan formulation based on technical analyses and input from the NRCS,
the Sponsor, and the Consulting team. These alternatives (alternative numbers are as provided in
the Level 11 report) are listed below for the PVR project:

= Rehabilitation (Alternative 1): Raise and Rehabilitate the Powerline, Vineyard Road, and
Rittenhouse FRS structures.

= Combination (Alternative 6): Replace Powerline FRS and Northern 1/3 of Vineyard Road
FRS with Basins and Channels, Raise and Rehabilitate the Southern 2/3 of Vineyard Road
FRS and Rittenhouse FRS

= Combination (Alternative 6A): Replace Powerline FRS and Northern 1/3 of Vineyard Road
FRS with Basins and Channels, Raise and Rehabilitate the Southern 2/3 of Vineyard Road
FRS and Convert Rittenhouse FRS to a Levee

= Combination (Alternative 8): Replace Powerline and Rittenhouse FRSs with Channels,
Raise and Rehabilitate Vineyard Road FRS

= Combination (Alternative 8A): Replace Powerline FRSs with Channels, Raise and
Rehabilitate Vineyard Road FRS, and Convert Rittenhouse FRS to a Levee

= No Action Alternative: Also known as No Action Alternative/Future Without Project

Rehabilitation is defined as modification and improvements of the existing dams to meet current
State and Federal dam-safety standards. Rehabilitation would include raising the dams to safely
pass the inflow design flood (IDF) through the auxiliary spillways, providing new filters to address
potential embankment cracking, providing a hardened dam or channel sections within moderate
earth fissure risk zones, modification of auxiliary spillways, and replacing the existing principal
spillways.

A combination alternative combines structural measures to replace an individual dam or dam
segment with a channel or levee with rehabilitation of the remaining dam structures/embankments.
A decommissioning alternative (decommissioning of all three dams) was not selected to be
evaluated and nor carried further in the Level I1 report.

The Level 111 Analysis included analysis of another alternative — Alternative 8B. The “ Level |11
Final Alternatives Summary Report” (Kimley-Horn, September 2012) conducted further
evaluations of Alternatives 8A and 8B including refined earthwork quantity and construction costs
estimates. Alternative 8B is described in further detail below. The Level 111 report documents an
evaluation of three filter options for dam rehabilitation for the PVR structures. Within Alternatives
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8A and 8B, three concept dam rehabilitation filter configurations and two different freeboard levels
are evaluated for the rehabilitated/raised Vineyard Road and Rittenhouse FRSs. For the purposes
of the Level 111 report and this Plan/EA, the three dam filter configurations are Option A, Option B
and the Hybrid Option. Option A consists of an upstream raise with a sloping filter and new
excavated cutoff extended down into competent material. Option B is a symmetrical dam raise
with a vertical central filter. The Hybrid Option is a symmetrical raise with a sloping filter from the
raised dam crest down to the center of the existing cutoff trench at existing ground. The Hybrid
Option then turns to a vertical cement/bentonite cut-off wall through the existing upstream cutoff
and into competent material.

Option A, Option B and the Hybrid Option costs were estimated for Rittenhouse FRS as a dam
(Alternative 8B), while only Option A and the Hybrid Option costs were estimated for Vineyard
Road FRS. Option A includes one foot of freeboard in the quantity calculations and opinion of
probable cost. Option B and the Hybrid Option include zero feet of freeboard in the quantity
calculations and opinion of probable cost.

Both alternatives are identical in the replacement of Powerline FRS with a new 100-year flood
channel. The alternatives differ in the treatment of Rittenhouse FRS (Alternative 8A replaces the
dam with a levee, and Alternative 8B rehabilitates the dam) and in the filter treatments for Vineyard
Road FRS and Rittenhouse FRS in Alternative 8B. The results of the Level 111 analysis indicates
that Alternative 8A (the 8A option that replaces Powerline FRS with a new channel and hardened
channel segments within fissure risk zones; dam rehabilitation for Vineyard Road FRS; and
converting Rittenhouse FRS to a levee) was the least cost technically feasible alternative. The
Level I11 report presents and discusses the National Economic Development (NED) alternative as
this alternative for the PVR structures. The Level 111 report also identified the Preferred Alternative
as Alternative 8A with the option of hybrid filter for dam rehabilitation of Vineyard Road FRS,
replacing Powerline FRS with a 100-year channel, and converting the Rittenhouse FRS to a levee.
Therefore, Alternative 8B (and options) with Rittenhouse as a dam was not carried forward for
further detailed study in Section 5.4.

5.3 ALTERNATIVE PLANS CONSIDERED BUT ELIMINATED FROM DETAILED STUDY

Two alternatives (noted above as Alternative 6 and 8) were developed that incorporated different
structural treatments for Rittenhouse FRS as noted above in Section 5.2. Alternative 6 and
Alternative 6A are described below and differ in the approach for the Rittenhouse FRS. Alternative
6 keeps Rittenhouse as a rehabilitated dam and Alternative 6 A modifies Rittenhouse FRS to a levee
that discharges into Vineyard Road. FRS. Alternative 8 has three different structural measures,
again, relating to the treatment of Rittenhouse FRS. Alternative 8 replaces the dam with a 100-year
channel, Alternative 8A replaces the dam with a levee, and Alternative 8B rehabilitates the dam.

As noted below, Alternatives 6, 6A, 8, and 8B were eliminated from further detailed study.

The alternatives eliminated from further study are described below along with the reason(s) for
elimination. These alternatives are:
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Rehabilitation of Powerline, Vineyard Road, and Rittenhouse Flood Retarding Structures
(Alternative 1)

The concept for Alternative 1 includes rehabilitating and raising Powerline, Vineyard Road and
Rittenhouse FRSs to pass the (planning level) probable maximum flood (PMF), while accounting
for estimated future subsidence, one foot of freeboard and sediment storage volume. Powerline
FRS will be rehabilitated with an upstream filter in low-moderate fissure risk hazard zones.
Segments of Powerline FRS in moderate earth fissure risk hazard zones would be replaced with a
hardened dam segment (soil cement core). The Powerline Interim Dam Safety Measure (IDSM)
alignment will be maintained but replaced with a hardened dam segment and the crest elevation
raised to match the proposed raise on Powerline FRS. Vineyard Road FRS and the remaining
portion of Powerline FRS will be rehabilitated with an upstream filter for low-moderate fissure risk
hazard zones. Rittenhouse FRS is entirely located in low-moderate fissure risk hazard zones and
will be raised and rehabilitated with an upstream filter along the entire length of the structure.

The total opinion of probable construction costs for Alternative 1 ranged from $87,000,000 to
$120,000,000. The alternative was eliminated from further evaluation in the workshop conducted
on April 19, 2012 due to technical uncertainty of building a dam in an earth fissure prone area.

Decommissioning Powerline, Vineyard Road, and Rittenhouse Flood Retarding Structures by
Converting the Dams to Basins (Alternative 2)

The concept for Alternative 2 included reducing the existing structures to non-jurisdictional (by
ADWR definition) size with auxiliary spillway heights of six feet. The Powerline IDSM alignment
will be maintained for the reduced height Powerline structure. Upstream of the reduced structures,
detention basins sized for the 100-year event would be constructed outside of the mesquite bosques
to help preserve and protect the bosques. The basins would drain through the bosques and the basin
bottom depth will be controlled by the existing principal outlet location. The existing conditions
100-year 24-hour storage volume from the existing conditions 100-year HEC-1 models was used to
size each of the basins, in addition to the 100-year sediment volume. No FRS rehabilitation is
included.

To evaluate the required excavation volume, the existing flood volume behind the FRS up to the
spillway crest height of six feet was used as flood storage and was not included in the volume
required for basin excavation. The remaining required storage volume would be provided in the
excavated basins where the bottom depth of each basin is controlled by the existing principal outlet
location. The basins were sized such that the footprint of each basin was contained within the
existing modified easement. The estimated required basin areas and depths without freeboard are
289 acres and ten feet for Powerline, 385 acres and six feet for Vineyard Road, and 538 acres and
seven feet for Rittenhouse FRS. The basins will be excavated an additional three feet each in depth
to include the 100-year sediment storage.

The opinion of probable cost for converting each FRS to a basin and reducing the dam heights to
non-jurisdictional dams (as considered in the Level | analysis) is $190,690,000. This alternative
was eliminated from further detailed study in the workshop conducted on April 26, 2011 due to
high costs, operational complexity, lower flood protection level (100-year), and handling and
storage of excess earthwork spoils.
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Decommissioning Powerline, Vineyard Road, and Rittenhouse FRS by Converting all Three Dams
to Levees that Drain south to a Basin that Outlets to Queen Creek (Alternative 3).

The concept for Alternative 3 included converting Powerline and Vineyard Road FRSs to levees to
meet FEMA and District criteria. Additionally, Rittenhouse FRS would be removed and a levee
would be constructed further west and adjacent to the CAP canal. A 100-year detention basin
would be constructed at the south end of the project with a gated outlet to Queen Creek Wash.

A new gated at-grade outlet would be constructed at the south end of the 100-year basin to drain the
basin to Queen Creek Wash. A new drainage channel would be constructed between the basin
outlet and a new CAP overchute near Queen Creek Wash. A gated trash rack would be provided at
the new outlet of the basin, and a new basin overflow spillway would be constructed to discharge
flow in the same general flowpath as the existing Rittenhouse auxiliary spillway. The Powerline
Floodway would not be used under this alternative, but may be utilized as an alternative outlet.

The invert elevation of the CAP overchutes at Queen Creek Wash is approximately 1,566 feet. In
comparison, the inverts of the principal spillway outlets at Powerline and Vineyard Road FRSs are
1,563.6 feet and 1,563.8 feet, respectively, lower than the invert elevation of the CAP overchutes at
Queen Creek Wash. The low point of the PVR system and the existing CAP overchutes at Queen
Creek Wash are separated by approximately 8.5 miles, so even if the overchutes were lowered three
feet, the flowpath south to Queen Creek Wash would be effectively flat. The primary constraint of
Alternative 3 is achieving positive drainage along the existing structure alignments to drain south to
Queen Creek Wash at the new outlet. This is not physically feasible. This alternative was not
evaluated further due to the insufficient slope along the existing structures to drain toward the
south.

Rehabilitation of Powerline, Vineyard Road, and Rittenhouse Flood Retarding Structures and
Excavation of Increased Flood Storage Volume (Alternative 4)

The concept for Alternative 4 includes rehabilitating Powerline, Vineyard Road and Rittenhouse
FRSs, and excavating additional storage volume behind the structures sufficient to pass the
planning level PMF. Alternative 4 does not include raising the FRSs. The required storage volume
excavation will be sufficient to include predicted future subsidence and sediment storage. The
Powerline IDSM alignment will be made permanent for Powerline FRS. Powerline and Vineyard
Road FRSs would be rehabilitated with an upstream filter for low-moderate fissure risk hazard
zones and a hardened soil cement core structure for moderate fissure risk hazard zones.

Rittenhouse FRS is entirely located in low-moderate fissure risk hazard zones and would be
rehabilitated with an upstream filter along the length of the structure.

The 6-hour planning PMF future conditions HEC-1 models were used to determine the amount of
additional flood volume excavation required sufficient for the structure to prevent overtopping.
The excavation volume will also include the 100-year sediment volume determined by the District.
The stage/storage/discharge curve was updated to reflect the increased volume, and the discharge
was adjusted to eliminate overtopping weir flow. The additional storage volume required for
Powerline FRS is 7,500 acre-feet. The additional flood storage volumes required for Vineyard
Road FRS and Rittenhouse FRS are 11,500 acre-feet and 8,500 acre-feet, respectively. Excavation
depths required to achieve these volumes are 28 feet, 20 feet and 20 feet for Powerline, Vineyard
Road, and Rittenhouse FRS respectively.
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The opinion of probable cost for rehabilitating the FRSs and providing the required flood storage
volumes (as considered in the Level | analysis) is $378,203,000. This alternative was eliminated
from further detailed study in the workshop conducted on December 8, 2011 due to high costs.

Combination of Decommissioning, New Rittenhouse Structure, and Rehabilitation of Vineyard
Road FRS (Alternative 5)

The concept for Alternative 5 includes replacing Powerline FRS and the northern 1/3 of the
Vineyard Road FRS with detention basins in low-moderate fissure risk hazard zones and channels
in moderate fissure risk hazard zones. The basins and channels would drain to a 100-year basin
near the existing shared Powerline FRS and Vineyard Road FRS north auxiliary spillways and
outlet to the Powerline Floodway. The southern 2/3 of Vineyard Road FRS would be raised and
rehabilitated, and combined with a new Rittenhouse FRS located downstream (west) of the existing
Rittenhouse FRS alignment, closer to the CAP canal. The combined structure would be raised to
account for predicted future subsidence and sediment storage volume, and share a flood pool with
two principal outlets. The Vineyard Road portion of the combined FRS flood pool would drain
north to the Powerline Floodway along the existing flow path. The new Rittenhouse portion of the
combined FRS flood pool would drain south to Queen Creek Wash. The existing Rittenhouse FRS
structure would be removed.

The 6-hour planning PMF future conditions HEC-1 models were used to size the new
Rittenhouse/Vineyard Road structure. The 6-hour PMP was updated with the total drainage area
for the combined structure. A single HEC-1 model was created combining the full Rittenhouse
watershed and the contributing Vineyard Road subbasins. The model was updated with the new
PMP and a new stage-storage-discharge curve for the combined structure. The existing 100-year,
24-hour HEC-1 models were used to size the channels and basins for Powerline and the northern
1/3 of Vineyard Road.

There are two primary constraints for Alternative 5. First, the combined Vineyard Road and
Rittenhouse FRS would include a new principal spillway that would drain to Queen Creek Wash
via a new constructed channel from the southern end of the combined FRS to Queen Creek Wash.
The slope of the channel is limited by the invert elevation of the tie-in with Queen Creek Wash.
Second, the alternative is also limited by the existing capacity of Queen Creek. The Sonoqui
Detention Dike, owned and operated by the CAP, discharges to the existing CAP overchutes at the
CAP canal. The major design consideration for a new overchute at Queen Creek Wash is to not
adversely impact the capacity and stability of the existing Queen Creek Wash downstream of the
CAP canal.

The opinion of probable cost for replacing Powerline FRS and the northern 1/3 of the Vineyard
Road FRS with basins and channels, raising and rehabilitating the southern 2/3 of the Vineyard
Road FRS and combining the southern 2/3 of the Vineyard Road FRS with a new Rittenhouse FRS
as considered in this Level I analysis is $183,952,000. This alternative was eliminated from further
detailed study in the workshop conducted on April 26, 2011 due to high costs.

Combination of Decommissioning and Rehabilitation of Vineyard Road and Rittenhouse FRS
(Alternative 6)

The concept for Alternative 6 includes replacing the Powerline FRS, the Powerline IDSM, and the
northern 1/3 of the Vineyard Road FRS with detention basins in low-moderate fissure risk hazard
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zones and channels in moderate fissure risk hazard zones. The basins and channels would drain to
a 100-year detention basin near the existing shared Powerline FRS/Vineyard Road FRS north
auxiliary spillways and outlet to the Powerline Floodway.

The southern 2/3 of the Vineyard Road FRS would be raised and rehabilitated and outlet north
towards the Powerline Floodway. The existing Rittenhouse FRS would be raised and rehabilitated
and outlet into the Vineyard Road FRS flood pool (as under existing conditions). The southern 2/3
of the Vineyard Road FRS and Rittenhouse FRS would be raised sufficiently to account for
estimated future subsidence and sediment storage.

The interconnected basins and channels for Alternative 6 were preliminarily sized using HEC-1 and
approximate basin geometry. The trapezoidal channels serve as in-line connections between the
basins and are sized to convey routed discharge from 100-year, 24-hour basins to the large
detention basin near the existing shared Powerline and Vineyard Road FRS auxiliary spillways.
Combination points were inserted at the basin location to determine the required storage volume
and the basins were located on existing topography. Channels were sized sufficiently to route flow
between the basins. The basins and channels were then input into the FLO-2D models for the
alternative. Initially, the dynamic, two-dimensional routing results indicated that the preliminary
basin and channel sizes were not sufficient to pass the 100-year, 24-hour event without
overtopping. Storage volume and channel capacity were added by iterative trial to provide enough
storage volume and channel capacity without overtopping and provide the required one foot of
freeboard (or from equation 6.25 from the DDMMC if greater than one foot).

The total opinion of probable construction costs ranged from $185,000,000 to $218,000,000. This
alternative was eliminated from further detailed study in the workshop conducted on April 26, 2011
due to high costs.

Combination of Decommissioning and Rehabilitation of Vineyard Road, and Converting
Rittenhouse FRS to a Levee (Alternative 6A)

The concept for Alternative 6A includes replacing the Powerline FRS, the Powerline IDSM, and
the northern 1/3 of the Vineyard Road FRS with detention basins in low-moderate fissure risk
hazard zones and channels in moderate fissure risk hazard zones. The basins and channels would
drain to a 100-year detention basin near the existing shared Powerline FRS/Vineyard Road FRS
north auxiliary spillways and outlet to the Powerline Floodway.

The southern 2/3 of the Vineyard Road FRS would be raised and rehabilitated and outlet north
towards the Powerline Floodway. The existing Rittenhouse FRS would be converted to a levee and
outlet into the Vineyard Road FRS flood pool. The southern 2/3 of the Vineyard Road FRS would
be raised sufficient to account for estimated future subsidence and sediment storage.

The levee is designed to convey the 100-year, 24-hour flood with three feet of freeboard per
Federal Emergency Management Agency (FEMA) requirements. The crest elevation varies with an
overall levee crest slope of 0.0005 ft/ft. The levee has a 3:1 (H:V) upstream slope and a 2:1 (H:V)
downstream slope and a top of crest width of 14 feet. The upstream slope would be treated with
erosion protection which consists of rock riprap overlaying a geotextile. The converted
Rittenhouse levee was evaluated both in HEC-1 and FLO-2D modeling. The required levee height
was determined from the maximum water surface elevation against the FRS embankment along the
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structure. FLO-2D produced the most conservative results and was used to determine the required
crest elevations.

The total opinion of probable construction costs for Alternative 6A ranged from $187,000,000 to
$208,000,000. This alternative was eliminated from further detailed study in the workshop
conducted on April 26, 2011 due to high costs.

Combination of Decommissioning and Rehabilitation of Vineyard Road, and Converting
Rittenhouse FRS to a Levee (Alternative 7)

The concept for Alternative 7 includes replacing Powerline FRS with a 100-year channel draining
to Vineyard Road FRS. Vineyard Road FRS would be segmented to raise and rehabilitate the
northern % of the FRS and convert the southern %2 of the FRS to a levee/ floodway that drains south
to Rittenhouse FRS. Rittenhouse FRS would be converted to a 100-year basin that drains to Queen
Creek.

The 6-hour planning PMF future conditions HEC-1 model was used to determine the flood volume
required for the northern %2 of Vineyard Road. The existing Vineyard Road HEC-1 model was
modified to exclude basins no longer contributing to the FRS. The HEC-1 model was updated with
a new 6-hour PMP calculation based on the new contributing drainage area.

The 100-year, 24-hour storage volume required for the basin located at the southern % of Vineyard
Road and Rittenhouse was determined from the existing conditions 100-year HEC-1 models. The
total excavation volume required for the basin included the volume of the 100-year sediment
storage.

The main constraint for Alternative 7 is achieving positive drainage along the existing structure
alignments from Vineyard Road into a Rittenhouse basin that drains to Queen Creek Wash (similar
constraint to Alternative 3). Physically, the existing alignment and easement boundary south of
Vineyard Road FRS does not permit positive drainage into the Rittenhouse basin, which drains to
Queen Creek.

The opinion of probable cost for replacing Powerline FRS with a channel, segmenting Vineyard
Road FRS into a raised and rehabilitated FRS for the northern % and levee floodway for the
southern %2, and replacing Rittenhouse FRS with a basin (as considered in the Level | analysis) is
$154,701,000. This alternative was eliminated from further detailed study in the workshop
conducted on December 8, 2010 due to high costs.

Combination of Decommissioning Powerline and Rittenhouse FRS and Replacement with Channels
and Rehabilitation of Vineyard Road (Alternative 8)

The concept for Alternative 8 includes replacing Powerline FRS and Rittenhouse FRS with 100-
year channels to drain to Vineyard Road FRS. Vineyard Road FRS will be raised and rehabilitated
sufficient to pass the IDF. Locations where the channel replacing Powerline FRS cross moderate
fissure risk hazard zones will require channel defensive mechanisms.

HEC-1 models and the FLO-2D two-dimensional software were used to evaluate the required dam
raise elevation. The IDF, future conditions HEC-1 models for the Powerline, Vineyard Road and
Rittenhouse watersheds were used to generate hydrographs for inflow points to the FLO-2D model.
The IDF was used for Powerline and Rittenhouse channels to account for water in excess of the

USDA- NRCS Page 5-8 January 2013
Kimley-Horn and Associates, Inc.



Vineyard Road and Rittenhouse Flood Retarding Structures Draft Supplemental Watershed Plan
Pinal County, AZ and Environmental Assessment

channel design event that could contribute to Vineyard Road FRS. The FLO-2D model was then
used to determine the required dam raise for Vineyard Road FRS to safely pass the IDF.

The proposed Powerline and Rittenhouse channels were sized using existing conditions 100-year,

24-hour peak discharge, as the 24-hour peak discharge was greater than the 6-hour peak discharge.
The Powerline watershed features two proposed channels. The first is a collector channel running
along the existing FRS alignment to capture inflow that would otherwise reach the structure. The

second channel is specifically for Siphon Draw, the largest wash within the watershed.

Channels were initially sized using normal depth routing within HEC-1. The preliminary channel
sizes were then input into the alternative FLO-2D model. Where breakouts occurred from channel
overtopping, the channel size was increased to provide additional capacity.

The total opinion of probable construction costs for Alternative 8 ranged between $93,000,000, and
$118,400,600. This alternative was eliminated from further detailed study in the workshop
conducted on December 8, 2010 due to potential impacts to mesquite bosques, lower system
performance/flood protection, and relatively higher costs.

Decommissioning by Replacing All Three Structures with In-Line Storage Basins and 100-Year
Channel to a 100-Year Basin at Rittenhouse (Alternative 9)

The concept for Alternative 9 includes converting Powerline FRS, Vineyard Road FRS, and
Rittenhouse FRS to a stepped 100-year channel with in-line storage basins. The channel will begin
in the upper elevations of the modified easement near Powerline FRS and drain south to the low
point of the modified easement near Rittenhouse FRS. A new 100-year basin at the southern end of
the channel near Rittenhouse FRS would detain the 100-year runoff volume, and drain to Queen
Creek Wash through a gated outlet.

A new at-grade principal spillway and a new basin overflow spillway would be constructed at the
southern end of the 100-year basin replacing Rittenhouse FRS. The principal spillway would drain
south to Queen Creek in a new channel to a new overchute at the CAP canal near the existing outlet
of the Sonoqui Detention Dike. An inlet and outlet structure, conduit and trash rack on the inlet
would be provided at the new principal spillway. A new basin overflow spillway would be
constructed and would drain in the same general flow path as the existing Rittenhouse facility. The
Powerline Floodway would not be used under this alternative but could be utilized under a revised
alternative scenario.

The upstream invert of the channel is limited by the modified easement boundary in the vicinity of
Powerline FRS. The downstream constraint is the elevation of the tie-in with Queen Creek Wash.
The upstream and downstream elevation constraints result in an insufficient slope of 0.0006 ft/ft.
The combined 100-year, 24-hour discharge for Powerline, Vineyard Road and Rittenhouse is
41,756 cfs, which would require an earthen channel five feet deep with 6:1 side slopes to be over
3,500 feet wide. Given this constraint, further evaluation of this alternative was not considered.
This alternative was eliminated from further consideration in the workshop held on December 8,
2010 due to noted technical constraints.
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Decommissioning the Powerline, Vineyard Road, and Rittenhouse FRSs with Stabilized Breaches
(Alternative 10)

The concept for Alternative 10 calls for decommissioning Powerline, Vineyard Road and
Rittenhouse FRSs by constructing stabilized breaches at selected locations at each dam. The
structures will be decommissioned by constructing multiple breaches in each structure. The
breaches will be designed for the 100-year event and will be located along natural drainage paths in
natural washes where existing FEMA 100-year floodplains intersect the structures.

The flow depth and velocities were analyzed at each breach location. Peak flows used in breach
analysis were obtained from appropriate combination points in the 100-year, 24-hour existing
conditions HEC-1 models. The breaches were analyzed for both concrete and riprap lining. The
concrete lining results in high velocities that will require scour protection in the form of riprap or
energy dissipaters. Riprap lining results lower-scour exit velocities.

All existing principal spillway and emergency spillway structures would be removed. New 100-
year CAP overchutes would be constructed for each breach location. The number of overchute
pipes required to pass the 100-year peak discharge over the canal were estimated assuming full
flow capacity of the pipes. A pipe diameter of 72-inches was used for overchutes requiring six
barrels or less, and concrete rectangular channel overchutes were sized for those requiring more
than six barrels.

The opinion of probable cost for decommissioning all three FRSs (as considered in the Level |
analysis) is $9,943,000. This alternative was eliminated from further consideration in the workshop
held on December 8, 2010 as the alternative did not meet the project purpose and need for
continued flood protection.

Rehabilitation of Vineyard Road and Rittenhouse FRS (Alternative 11) (Hybrid filter at Vineyard;
Central filter at Rittenhouse)

This alternative would rehabilitate Vineyard Road and Rittenhouse Flood Retarding Structures by
raising the dams to safely pass the IDF which is the 6-hr planning PMF, construct new filters, and
improve the principal and auxiliary spillways. Vineyard Road FRS would be raised to include
stormwater (100 year storm) from the Powerline watershed collected and conveyed by the
Powerline Channel to Vineyard and from flows discharged from the rehabilitated Rittenhouse FRS.
The operational/system relationship between Vineyard Road FRS and Rittenhouse Road FRS
would be maintained under this alternative as presently existing.

HEC-1 models and the FLO-2D two-dimensional software were used to evaluate the required top
of dam crest elevation raises. The IDF, future conditions HEC-1 models for the Powerline,
Vineyard Road and Rittenhouse watersheds were used to generate hydrographs for inflow points to
the FLO-2D model. The IDF was used for the Powerline Channel to account for water in excess of
the channel design event (100-year) that could contribute to Vineyard Road FRS. The FLO-2D
model was then used to determine the required dam raise for Vineyard Road and Rittenhouse FRS
to safely pass the IDF. The required dam raise elevations include estimated subsidence and
freeboard.

This alternative for dam rehabilitation of Vineyard Road and Rittenhouse FRS includes
construction of a new filter at both dams. Vineyard Road FRS will be rehabilitated with a hybrid
combination sloping filter with vertical cement/bentonite cutoff configuration (Hybrid Option).
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Rittenhouse FRS will be rehabilitated with a central filter. The filters would extend for the full
lengths of the dams and from just below the top of dams to at or below the existing upstream cut-
off trench. The existing central filter at Vineyard Road FRS will remain in-place.

The locations of the Vineyard Road FRS north and south auxiliary spillways are maintained and the
spillways improved with new structural concrete drop structures. The existing 300-ft wide spillway
geometry will be maintained and the north and south spillway crest sections will be raised 4.5 ft
and 5.1 ft, respectively, to an elevation of 1580.6 ft.

The new concrete drop structures will be similar to the auxiliary spillway provided at White Tanks
FRS No. 3. This structure includes a concrete control spillway weir, downstream concrete apron,
and impact blocks for energy dissipation. Rip-rap erosion control blankets are provided at the
approach section to the spillway weir and downstream of the impact blocks to control downstream
scour.

A controlled low strength material (CLSM) barrier is proposed at the control section for the
Rittenhouse FRS auxiliary spillway. The existing 600-ft wide spillway geometry will be maintained
and the auxiliary spillway crest elevation will be raised from an elevation of 1598.5 to 1599.8 ft
(increase of 1.3 ft). The depth of the CLSM barrier will be two feet below the predicted existing
conditions breach depth, the width will be six feet and will span the width of the auxiliary spillway
plus additional length to key into training dike embankments.

Alternative 11 would not require any additional right-of-way or easements for the Vineyard Road
and Rittenhouse Flood Retarding Structures.

Material would be borrowed to raise the dam crest elevations for both the Vineyard Road FRS and
Rittenhouse FRS. This material may be derived from the Powerline Channel excavation (the
Powerline Channel is described in the “Powerline FRS Supplemental Work Plan and
Environmental Assessment”) or from the flood pool areas of both dams. The material is in the
ownership of the Arizona State Land Department. For the purposes of the construction cost any
excess material (spoil) would be stockpiled on site within the Sponsor’s easement.

The total opinion of probable construction costs for Alternativell is $86,683,000 (see cost tables in
Appendix E). This alternative was eliminated from further detailed study in the Level I1I report for
higher project costs.

Rehabilitation Of Vineyard Road And Rittenhouse FRSs (Alternative 12) (Upstream Sloping
Filters)

The concept for this alternative would rehabilitate Vineyard Road and Rittenhouse Flood Retarding
Structures by raising the dams to safely pass the inflow design flood (IDF) which is the 6-hr
planning PMF, construct new upstream inclined filters, and improve the principal and auxiliary
spillways. Vineyard Road FRS would be raised to include stormwater (100 year storm) from the
Powerline watershed collected and conveyed by the Powerline Channel to Vineyard and from flows
discharged from the rehabilitated Rittenhouse FRS. The operational/system relationship between
Vineyard Road FRS and Rittenhouse Road FRS would be maintained under this alternative as
presently existing.

HEC-1 models and the FLO-2D two-dimensional software were used to evaluate the required top
of dam crest elevation raises. The IDF, future conditions HEC-1 models for the Powerline,
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Vineyard Road and Rittenhouse watersheds were used to generate hydrographs for inflow points to
the FLO-2D model. The IDF was used for the Powerline Channel to account for water in excess of
the channel design event (100-year) that could contribute to Vineyard Road FRS. The FLO-2D
model was then used to determine the required dam raise for Vineyard Road and Rittenhouse FRS
to safely pass the IDF. The required dam raise elevations include estimated subsidence and
freeboard.

This alternative for dam rehabilitation of Vineyard Road and Rittenhouse FRS includes
construction of a new filter in both dams. The filters are upstream sloping filters extending from
the top of dam to at/or below the existing upstream cut-off trench. The existing central filters will
remain in place.

The locations of the Vineyard Road FRS north and south auxiliary spillways are maintained and the
spillways improved with new structural concrete drop structures. The existing 300-ft wide spillway
geometry will be maintained and the north and south spillway crest sections will be raised 4.5 ft
and 5.1 ft, respectively, to an elevation of 1580.6 ft.

The new concrete drop structures will be similar to the auxiliary spillway provided at White Tanks
FRS No. 3. This structure includes a concrete control spillway weir, downstream concrete apron,
and impact blocks for energy dissipation.

A controlled low strength material (CLSM) barrier is proposed at the control section for the
Rittenhouse FRS auxiliary spillway. The existing 600-ft wide spillway geometry will be maintained
and the auxiliary spillway crest elevation will be raised from an elevation of 1598.5 to 1599.8 ft
(increase of 1.3 ft). The depth of the CLSM barrier will be two feet below the predicted existing
conditions breach depth, the width will be six feet and will span the width of the auxiliary spillway
plus additional length to key into training dike embankments.

Alternative 12 would not require any additional right-of-way or easements for the Vineyard Road
and Rittenhouse Flood Retarding Structures.

The construction of the raising and rehabilitation of Vineyard Road and Rittenhouse FRSs
embankments potentially locally impacts both environmental and cultural resources. The acres of
existing mesquite bosque vegetation that may be directly affected have been quantified. The
proposed mitigation would tentatively consist of planting of tall pot plants in locations along the
Vineyard Road FRS and Rittenhouse FRS low flow channels. The costs of mesquite bosque
mitigation have been included in the alternative cost estimate.

Clearing and construction will temporarily disturb existing vegetation. Disturbed areas will be
hydroseeded and restored to a native plant community following construction.

Material would be borrowed to raise the dam crest elevations for both the Vineyard Road FRS and
Rittenhouse FRS. This material may be derived from the Powerline Channel excavation (the
Powerline Channel is described in the “Powerline FRS Supplemental Work Plan and
Environmental Assessment™) or from the flood pool areas of both dams. The material is in the
ownership of the Arizona State Land Department. For the purposes of the construction cost any
excess material (spoil) would be stockpiled on site within the Sponsor’s easement.
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The total opinion of probable construction costs for Alternativel? is $112,160,000 (see cost tables
in Appendix E). This alternative was eliminated from further detailed study in the Level Il report
for higher project costs.

5.4 ALTERNATIVES DESCRIPTION

Two alternative plans were identified for detailed study and are noted from this point on as
Alternatives 1 and 2.

The four alternative plans are:

= Alternative 1 — No Action Plan/Future Without Project: Vineyard Road and Rittenhouse
FRSs remain as currently exists with known inadequacies until Sponsor’s eventual
Rehabilitation or Replacement of the dams.

= Alternative 2 — Rehabilitation/Decommissioning: Raise and rehabilitate Vineyard Road
FRS and convert Rittenhouse Flood Retarding Structure from a dam to a levee. Under
Alternative 2, a *hybrid’ filter would be installed at Vineyard Road FRS. The rehabilitation
of Vineyard Road FRS will meet current ADWR and NRCS dam safety requirements. The
levee will meet current NRCS and FEMA levee safety requirements.

These alternatives are discussed in detail below.

5.4.1 ALTERNATIVE 1 — No AcTION PLAN/FUTURE WITHOUT PROJECT

The “No Action Alternative” is required under the NRCS National Watershed Manual for a dam
rehabilitation planning project. This alternative is also known as the “No Action Alternative/Future
Without Project Plan” which is defined as the most likely condition absent the Action
Alternatives/Future With Project Plans under current consideration.

Under the “No Action/Future Without Project Alternative” the Sponsor would continue to operate
and maintain the Powerline, Vineyard Road, and Rittenhouse Flood Retarding Structures beyond
the end of the structures’ design lives. The structures would continue to be operated as under
existing conditions of the dams with the noted dam safety deficiencies. The structures would
continue to have identified safety deficiencies and would not meet current NRCS and ADWR
performance standards.

The Sponsor has indicated that without federal financial assistance, sufficient funds are not
available to rehabilitate or replace the structures in a timely manner. The Sponsor recognizes,
however, that there remains a need to address the existing safety deficiencies. Therefore, the
Sponsor would eventually rehabilitate or replace the dams one at a time as non-federal funds
become available. The District estimates that rehabilitation/replacement using local funds would
occur for the first structure in year 20, the second structure in year 25, and the third structure in year
30 (after the end of the structures design lives).

This alternative is not acceptable to the Sponsor and local community as a viable solution since it
does not meet the purpose and need to reduce the risk of loss of life due to catastrophic dam failure.
Action is needed to address public health and safety issues surrounding flood control dams that
does not meet existing safety and performance standards for a high hazard potential structure. The
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structures would continue to have safety and performance deficiencies and continue to pose a
significant risk of catastrophic failure until eventual rehabilitation or replacement of the structures.

The annual operation and maintenance costs for Alternative 1 were estimated to be $291,700 (see
NRCS Table 4 in Section 8.0).

5.4.2 ALTERNATIVE 2 —REHABILITATION OF VINEYARD ROAD AND DECOMMISSION OF
RITTENHOUSE FRS/CONVERTING TO LEVEE

In Alternative 2, Vineyard Road FRS will be raised and rehabilitated to pass the probable
maximum flood (planning level 6-hr PMF), while accounting for estimated future subsidence,
freeboard and sediment storage volume. The estimated sediment storage volume included sediment
contributing from the Powerline, Vineyard Road and Rittenhouse watersheds. Vineyard Road FRS
will be rehabilitated with a hybrid combination sloping filter with vertical cement/bentonite cutoff
configuration (Hybrid Option). A plan view of this alternative is provided in Appendix C as
Figure C-9. A typical embankment section showing the hybrid filter of this alternative is provided
in Appendix C as Figure C-10.

HEC-1 models and the FLO-2D two-dimensional software were used to evaluate the required top
of dam crest elevation raise for Vineyard Road FRS. The IDF, future conditions HEC-1 models for
the Powerline, Vineyard Road and Rittenhouse watersheds were used to generate hydrographs for
inflow points to the FLO-2D model. The IDF was used for the Powerline Channel to account for
water in excess of the channel design event (100-year) that could contribute to Vineyard Road FRS.
The FLO-2D model was then used to determine the required dam raise for Vineyard Road to safely
pass the IDF. The required dam raise elevations include estimated subsidence and freeboard.

The existing principal spillway inlet and trash rack at Vineyard Road FRS will be replaced with an
NRCS standard riser structure. The pipe size of the existing principal spillway will be increased to
meet the NRCS ten day draw down criteria while utilizing the capacity of the Powerline Floodway.
United States Department of Agriculture (USDA) SITES version 2005.1.4 software was used to
evaluate the Principal Spillway Hydrograph (PSH) to determine the required pipe diameter and
auxiliary spillway crest elevations. The PSH analysis for Vineyard Road included the inflow
hydrograph from the Powerline Channel watershed, the Vineyard Road watershed and the
Rittenhouse watershed. The new pipe outlet diameter is 66-inches and the existing outlet structure
will be replaced with a new baffled wall (USBR Type VI) energy dissipator. A plan view of the
principal spillway is provided in Appendix C as Figure C-11.

The locations of the north and south auxiliary spillways are maintained and the spillways improved
with new structural concrete drop structures. The existing 300-ft wide spillway geometry will be
maintained and the north and south spillway crest sections will be raised 4.5 ft and 5.1 ft,
respectively, to an elevation of 1580.6 ft.

The new concrete drop structures will be similar to the auxiliary spillway provided at White Tanks
FRS No. 3. This structure includes a concrete control spillway weir, downstream concrete apron,
and impact blocks for energy dissipation. A typical section of the auxiliary spillway is provided in
Appendix C as Figure C-12. Rip-rap erosion control blankets are provided at the approach section
to the spillway weir and downstream of the impact blocks to control downstream scour.
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A plan view of the Vineyard North auxiliary spillway is provided in Appendix C as Figure C-13.
The plan shows a new dam segment/extension of approximately 2,500 feet to tie with the proposed
Powerline Channel. A plan view of the Vineyard South auxiliary spillway is provided in Appendix
C as Figure C-14. The plan shows a new dam segment/extension of approximately 500 feet to tie
to the Rittenhouse FRS embankment. The training dikes downstream of the auxiliary spillways will
be raised and provided with rip-rip for erosion protection.

In Alternative 2, Rittenhouse FRS will be converted to a levee. The existing FRS embankment
alignment will remain in place and the embankment height above the required levee height will be
excavated and the excavated material placed on the upstream slope. The levee is designed to
convey the 100-year, 24-hour flood with 3 feet of freeboard per Federal Emergency Management
Agency (FEMA) requirements. The crest elevation varies with an overall levee crest slope of
0.0005 ft/ft. The levee has a 3:1 (H:V) upstream slope and a 2:1 (H:V) downstream slope. The
levee crest width will vary from 35 feet to greater than 100 feet. The upstream slope will be treated
with erosion protection which consists of rock riprap overlaying a geotextile. A typical cross of the
Rittenhouse levee section is shown in Appendix C as Figure C-15. The converted Rittenhouse
levee was evaluated both in HEC-1 and FLO-2D modeling. The required levee height was
determined from the maximum water surface elevation against the FRS embankment along the
structure. FLO-2D produced the most conservative results and was used to determine the required
crest elevations.

The Rittenhouse FRS is currently under the jurisdictional purview of ADWR. To remove the FRS
from jurisdictional status would require decommissioning per Arizona Revised Statutes Section 45-
1209. The Arizona Administrative Code Section R12-15-1209 Application to Breach or Remove a
High or Significant Hazard Potential Dam outlines the requirements to reduce a high or significant
downstream hazard potential dam to non-jurisdictional size. These regulations will need to be
considered during final design of this alternative.

Alternative 2 would not require any additional right of way or easements for the Vineyard Road
Flood Retarding Structure or the Rittenhouse levee.

The raising and rehabilitation of the Vineyard Road FRS and the conversion of the Rittenhouse
FRS from a dam to a levee potentially locally impacts both environmental and cultural resources.
The acres of existing mesquite bosque vegetation that may be directly affected have been quantified
(approximately 105 acres). Mesquite bosque mitigation may include planting new tall-pot mesquite
trees (approximately 100 acres) and salvage of some mature mesquite trees and transplanting in
designated areas (e.g., along Powerline Channel and potential mitigation area at north end of
Vineyard Road FRS, along both Vineyard and Rittenhouse). Mitigation plans will be refined during
final design. The estimated costs of mesquite bosque mitigation for the project are $1,218,000.

Clearing and construction will temporarily disturb existing vegetation. Disturbed areas will be
hydroseeded and restored to a native plant community following construction.

The cost estimate assumed that the Rittenhouse FRS would be lowered in height for the required
levee embankment height. Earth material removed from the embankment would be placed on the
upstream slope of the levee. Material would be borrowed to raise the dam crest elevation for the
Vineyard Road FRS. This material may be derived from the Powerline Channel excavation (the
Powerline Channel is described in the “Powerline FRS Supplemental Work Plan and
Environmental Assessment”) or from the Vineyard Road FRS flood pool area. The material is in
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the ownership of the Arizona State Land Department. For the purposes of the construction cost any
excess material (spoil) would be stockpiled on site within the Sponsor’s easement. Locations of
stockpiles would be determined in final design.

An estimation of the potential for impacting cultural resources has been completed for Alternative
2. The area of potential effect (APE) was determined and an estimate of the mitigation for cultural
resources prepared. Sites in the APE that will not be subject to project-related impacts will be
avoided by project implementation activities. Data recovery studies will be performed to mitigate
impacts to all sites likely to suffer project-related impacts. Based on known sites in the vicinity, the
majority of the cultural resources present would be either prehistoric sites without evidence of
habitation (which might include scatters of artifacts on the surface, or artifacts with remnants of just
one or a few roasting pits, agricultural features, and/or other non-habitation features) or historical
sites (which might include homesteads, farming or ranching features, or simply scatters of historical
artifacts). Most of the remaining sites would be smaller prehistoric habitation sites, with up to two
relatively large prehistoric habitation sites within the total APE (for Powerline, Vineyard Road, and
Rittenhouse FRSs). Based on experience with recent data recovery efforts in central and southern
Arizona, the estimated cost for cultural resources mitigation for the Alternative 2 is $3,010,000.

The installation cost for Alternative 2 is $52,928,300 (see NRCS Table 2 in Section 8.7). Total
project costs include a contingency of 25%, additional permitting, engineering and construction
management percentages.
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6.0 ENVIRONMENTAL CONSEQUENCES

This section describes potential effects of the alternatives from Section 5.4 within each resource
category noted as relevant to the proposed action in Table 3 - 1.

6.1.1 GEOLOGY

The site geology and soils for the north 1/3 of Vineyard Road FRS embankment are subject to land
subsidence potentially leading to the development of earth fissures. Earth fissure risk zone
mapping has been previously developed for the PVR project. The District has a continuing
monitoring program for land subsidence at each of the PVR structures.

Alternative 1 — No Action. This alternative would continue to operate the dams as under existing
conditions. The site geology and soils would be a strong concern in Alternative 1 since the north
1/3 of Vineyard Road FRS is within a low-to-moderate earth fissure risk zone and in an area of
active land subsidence. Rittenhouse FRS is not located within an earth fissure risk zone nor
experiencing active land subsidence.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. This
alternative will rehabilitate Vineyard Road FRS and convert Rittenhouse Flood Retarding Structure
from a dam to a levee. Alternative 2 would have a short-term effect on soils by soil
disturbance/grading activities. The Vineyard Road dam crest elevation would be raised to include
anticipated subsidence with the project design life. The site geology and soils would be a moderate
consideration for Vineyard Road FRS. The Rittenhouse embankment would be lowered to the 100-
year flood level plus 3-feet of freeboard.

6.1.2 PRIME AND UNIQUE FARMLAND

Alternative 1 — No Action. This alternative would have a risk of future catastrophic flooding of
important agricultural lands, irrigation canals and diversions.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. This
alternative would raise Vineyard Road FRS to safely pass the IDF through the auxiliary spillways.
The locations of the auxiliary spillways would not change under this alternative. However, higher
flows are designed to pass through the auxiliary spillways than under existing conditions for the
IDF. This is a design element for rehabilitation such that no overtopping of the dam will occur
under Alternative 2. The Rittenhouse levee would discharge into Vineyard Road FRS and there
would be no impoundment at Rittenhouse.

6.1.3 SURFACE WATER QUANTITY

Alternative 1 — No Action. This alternative would continue to operate the dam as under existing
conditions. Alternative 1 would does not safely pass the inflow design flood through the auxiliary
spillways with the required freeboard.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. This
alternative would sufficiently raise Vineyard Road FRS to safely pass the IDF through the auxiliary
spillways with the required freeboard. The auxiliary spillways would be improved with stabilized
structural control sections and erosion control countermeasures. The Rittenhouse levee would be
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designed for the 100-year flood invent and would discharge to Vineyard Road FRS. The levee
could be potentially overtopped for the PMF event.

6.1.4 REGIONAL WATER MANAGEMENT PLANS

Alternative 1 — No Action. Alternative 1 would provide continued flood protection up to the 100-
year event for downstream canals particularly the CAP canal. The canal would continue to be
vulnerable to breach failure the FRSs or overtopping of the structures for storm events approaching
the PMF.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS.
Alternative 2 would provide continued flood protection up to the 100-year event. Overtopping of
Vineyard Road FRS would not occur under Alternative 2 as the dam would be raised to safely pass
the IDF. The CAP canal would continue be vulnerable flood events greater than the 100-year from
flows in the auxiliary spillways. The Rittenhouse levee would be designed for the 100-year event
and include 3 feet of freeboard. The levee discharges into the Vineyard Road FRS. The levee could
be potentially overtopped for the PMF event placing the CAP canal at risk.

6.1.5 FLOODPLAIN MANAGEMENT

Alternative 1 — No Action. Alternative 1 would provide continued flood protection up to the 100-
year event for the downstream floodplain.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. This
alternative would have a long-term beneficial direct effect by reducing the risk of flooding on the
downstream floodplain event by providing effective flood control up to the 100-year event. The
Federal Emergency Management Agency (FEMA) floodzone Zone A designations could be
removed from the floodplain maps.

6.1.6 THREATENED AND ENDANGERED SPECIES

Alternative 1 — No Action. This alternative will have no direct effect on special status fish or
wildlife or their habitats.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. A
qualified biologist determined that federally threatened and endangered species or critical habitat
would not be potentially impacted by this alternative since suitable habitat for these species is not
present in the project area.

Suitable habitat is present for the Tucson shovel-nosed snake (Chionactis occipitalis klauberi) and
dispersal habitat is present for the Sonoran desert tortoise (Gopherus agassizii). These are
candidate species for the U.S. Fish and Wildlife Service (USFWS) and may become listed in the
future and warrant additional assessment.

Survey protocol for the Tucson shovel-nosed snake has not been published by the USFWS. Prior
to construction the status of the Tucson shovel-nosed snake on the USFWS threatened, endangered,
proposed, and candidate list will be re-verified (i.e. status changed from candidate to threatened)
and coordination with the USFWS will be undertaken to determine if a survey protocol has been
established and/or if a survey is required. If this species is observed construction will cease until
measures can be taken to ensure the preservation of the snake and/or its habitat.
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Desert tortoise has the potential to occur within the project area. Prior to start of construction, the
project area will be canvassed for tortoises and, if any tortoises are discovered, Arizona Game and
Fish Department (AGFD) Guidelines for Handling Sonoran Desert Tortoises Encountered on
Development Projects (Revised October 23, 2007) will be followed.

Additionally, the project contains suitable habitat for the western burrowing ow! (Athene
cunicularia hypugaea) which is protected under the Migratory Bird Treaty Act. Prior to start of
construction, a survey for burrowing owls will be required in the disturbance area following the
AGFD protocol (January 2009).

As a result of the actions described above, there will be no effect on federally threatened and
endangered species or their critical habitat due to implementation of this alternative. The above-
mentioned mitigation measures will be utilized to minimize impacts to special status species.

6.1.7 VEGETATIVE COMMUNITIES

The biotic community within the study area is identified as the Arizona Lower Colorado River
Valley, Sonoran Desert Scrub community. Vegetation is found throughout the FRSs and study area
and consists primarily of woody shrubs and herbaceous growth.

Alternative 1 — No Action. This alternative has no effect on vegetation communities and allows the
continued presence of the mesquite bosque upstream of the dams.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. Clearing
and excavation for dam rehabilitation and O&M access roads for the dam and levee will disturb
existing vegetation. Disturbed area will be hydroseeded following construction. Mitigation
measures would be implemented to reduced short term and long term impacts. The acres of
existing mesquite bosque vegetation that may be directly affected by construction activities have
been quantified (approximately 105 acres). Mesquite bosque mitigation may include planting new
tall-pot mesquite trees (approximately 100 acres) and salvage of some mature mesquite trees and
transplanting in designated areas (e.g., along Powerline Channel and potential mitigation area at
north end of Vineyard Road FRS, along both Vineyard and Rittenhouse). Mitigation plans will be
refined during final design. The estimated costs of mesquite bosque mitigation for the project are
$1,218,000.

6.1.8 FIsSH AND WILDLIFE HABITAT

The arroyos upstream of the dams are normally dry except during heavy rainfall events and do not
support fish populations. This local desert environment is home to several species of birds, reptiles,
and mammals that use scrub desert habitat.

Alternative 1 — No Action. This alternative will have no direct effect on fish or wildlife or their
habitats.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. There
will be no direct effect on fish by Alternative 2. Wildlife species present in the study area could
have a short-term direct effect by Alternative 2. Wildlife would also be disturbed by construction
activities and would likely move away from the construction area. This effect would be short-term
during construction. Wildlife would likely move back into the construction area as soon as
construction is completed. The loss of vegetation would also be a short-term temporary loss of
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habitat as disturbed areas will be hydroseeded following construction. The removal of trees would
be minimized and/or mitigated. Implementation of this alternative will impact the existing mesquite
bosque. Mitigation measures, as described above, would be implemented to reduce short term and
long term impacts.

6.1.9 MIGRATORY BIRDS/BALD AND GOLDEN EAGLES

Alternative 1 — No Action. This alternative has no effect on migratory birds/bald and golden
eagles.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. The
project area contains suitable habitat for the western burrowing owl (Athene cunicularia hypugaea)
which is protected under the Migratory Bird Treaty Act. Prior to start of construction, a survey for
burrowing owls will be required in the disturbance area following the AGFD protocol (January
2009). Mitigation measures will be completed as part of final design.

6.1.10 AESTHETICS

Alternative 1 — No Action. This alternative would have no effects on aesthetics. The project area
would remain as it is currently with existing conditions.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. The
construction activities for this alternative would raise and rehabilitate the Vineyard Road FRS and
convert the Rittenhouse FRS to a levee by lowering the dam crest elevation and conveying flows
from Rittenhouse to the Vineyard Road FRS flood pool. This alternative would have a beneficial
impact on the landscape by lowering the profile of an existing dam (Rittenhouse FRS converted to
a levee) but a negative impact to the local landscape over existing conditions by raising the height
of an existing dam (Vineyard Road FRS). Any excess spoils materials would be stockpiled within
the Sponsor’s easement.

6.1.11 FLooD DAMAGES

Alternative 1 — No Action. This alternative would have a long-term adverse direct effect by
allowing the continued risk of flood damages to downstream homes, businesses, and infrastructure
from a catastrophic flood event.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. This
alternative would have a long-term beneficial direct effect by reducing the risk of flood damages to
homes, businesses, and infrastructure from a catastrophic flood event by raising and rehabilitation
of the Vineyard Road FRS and eliminating the impoundment at Rittenhouse FRS and providing
effective flood control up to the 100-year event.

6.1.12 HisTorIC PROPERTIES/CULTURAL RESOURCES

Alternative 1 — No Action. This alternative would have no effect on historic properties/cultural
resources.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. Previous
cultural resources surveys and research in the vicinity suggest that there may be several
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archaeological sites located within the area of potential effects (APE) for the alternative. Sites in
the APE that will not be subject to project-related impacts will be avoided by project
implementation activities. Data recovery studies will be performed to mitigate impacts to the sites
likely to suffer project-related impacts. Based on known sites in the vicinity, the majority of the
cultural resources present would be either prehistoric sites without evidence of habitation (which
might include scatters of artifacts on the surface, or artifacts with remnants of just one or a few
roasting pits, agricultural features, and/or other non-habitation features) or historical sites (which
might include homesteads, farming or ranching features, or simply scatters of historical artifacts).
Most of the remaining sites would be smaller prehistoric habitation sites, with up to two relatively
large prehistoric habitation sites. Based on experience with recent data recovery efforts in central
and southern Arizona, cultural resources mitigation costs have been estimated for this alternative.

6.1.13 ENVIRONMENTAL JUSTICE

Alternative 1 — No Action. This alternative would have a risk of future catastrophic flooding that
would affect the health and safety of minority or disadvantaged populations.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. This
alternative would raise Vineyard Road FRS to safely pass the IDF through the auxiliary spillways.
The locations of the auxiliary spillways would not change under this alternative. However, higher
flows are designed to pass through the auxiliary spillways than under existing conditions for the
IDF. This is a design element for rehabilitation such that no overtopping of the dam will occur
under Alternative 2. The Rittenhouse levee would discharge into Vineyard Road FRS and there
would be no impoundment at Rittenhouse. The construction project could generate short-term jobs
for local workers.

6.1.14 PuBLIC HEALTH AND SAFETY

Alternative 1 — No Action. This alternative would have a long-term adverse direct effect by
allowing the continued risk to human health, safety, and loss of life from a catastrophic flood event.

Alternative 2 — Rehabilitation of Vineyard Road FRS/Decommission of Rittenhouse FRS. This
alternative would have a long-term beneficial direct effect by reducing the risk to human health and
safety from a catastrophic flood event by raising the Vineyard Road FRS to safely pass the IDF
through the auxiliary spillways. Rittenhouse levee would be designed for the 100-year flood event
with three feet of freeboard. This alternative would eliminate the impoundment at Rittenhouse FRS.

6.1.15 CUMULATIVE IMPACTS

The cumulative impacts of the proposed project were considered during planning. The planning
team considered proposed actions as outlined in the adjacent Apache Junction-Gilbert Watershed
for the Powerline FRS as well as other known and foreseeable proposed actions by other state or
federal agencies. The team determined that the cumulative impacts of the proposed actions in this
watershed and the Apache Junction-Gilbert Watershed for the Powerline FRS will have an overall
beneficial impact for the people and resources of the area. The team determined that there are no
other proposed actions in the project area that will have potential adverse impacts. The Arizona
Department of Transportation (ADOT) is currently planning potential freeway alignments which
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may impact the project area. The project sponsor will continue to coordinate with ADOT to
minimize any adverse impacts as planning proceeds.

6.2 COMPARISON OF ALTERNATIVE PLANS

This section describes the extent to which each alternative meets the project purpose of flood
prevention and the Sponsor’s formulation goal to provide for continued flood protection while
meeting all of the standards set by ADWR and the NRCS for safety and reliability of the project.
Also presented are risks and uncertainty associated with the alternatives.

Alternative 1 (No Action), the Vineyard Road and Rittenhouse Flood Retarding Structures would
remain in place and would continue to provide flood protection up to the 100-year event, given
assumed future conditions on the upstream watershed to be the same as existing conditions, until
year 2018 and 2019, respectively (end of design life). The Vineyard Road and Rittenhouse Flood
Retarding Structures would not meet all of the standards set by ADWR and the NRCS for public
safety and reliability. The previously described inadequacies in auxiliary spillway capacity, and
embankment cracking would remain. At the end of the design life period, the Sponsors would
continue to operate and maintain the dams until such time that available construction funding
becomes available to replace the dams. Therefore, Alternative 1 is not acceptable to the Sponsor
and local community as a viable solution since it does not meet the purpose and need to reduce the
risk of loss of life due to catastrophic dam failure. The structures would continue to have safety
and performance deficiencies and continue to pose a significant risk of catastrophic failure until
eventual rehabilitation or replacement of the structures. The Sponsor has indicated rehabilitation
may occur in year 20 and year 30 for Vineyard Road FRS and Rittenhouse FRS, respectively, after
this Supplemental Watershed Plan/EA is promulgated.

Alternative 2 rehabilitates Vineyard Road FRS to meet or exceed current ADWR and NRCS dam
safety criteria. The Vineyard Road FRS would be rehabilitated with the installation of a “hybrid’
filter. The dam is designed to provide flood protection for greater than the 100-year storm event and
to safely pass the IDF (which is the 6-hr PMF). Alternative 2 converts the Rittenhouse FRS from a
dam to a levee designed for the100-year event plus 3 feet of freeboard. The levee would meet
FEMA and NRCS levee safety criteria. There would be no impoundment at Rittenhouse and the
flows from the levee would discharge to the Vineyard Road FRS. Therefore, Alternative 2 meets
the project purpose and the Sponsor’s formulation goal.

6.2.1 RISK AND UNCERTAINTY

A variety of factors contribute to the potential for flood control structure failure, including storm
event intensity, control structure construction materials and techniques, and operation and
maintenance activities. Many of the uncertainties described below will be addressed during the
design phase of the project.

Existing Condition

Under Alternative 1 — No Action, the Sponsor (District) would continue to operate and maintain the
dams in their present condition and in accordance with the current Emergency Action Plans. The
dams would continue to have inadequacies in auxiliary spillway capacity. As a result, there is a
risk of overtopping and/or dam break until the FRSs are rehabilitated or decommissioned.
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Geohazard Investigations and Monitoring

The northern 1/3 of Vineyard Road FRS is located in an area of known active land subsidence.
There is uncertainty in whether an earth fissure will be expressed at the north 1/3 of Vineyard Road
FRS. The District has a continuing land subsidence monitoring program to provide data and
information over time for local land subsidence. The northern 1/3 of Vineyard Road FRS is located
south of Powerline FRS, a dam which is in an area with a known earth fissure in close proximity to
the dam.

Hydrology and Hydraulics

Current hydrologic analytical results indicates both the dams and auxiliary spillways are not
capable of passing the planning 6-hr PMF (for both existing and future land use conditions), which
overtops the dams. This presents a risk of potential overtopping of the dams.

Vineyard Road FRS experiences flow in the south auxiliary spillway for the 500-year, 24-hour
existing conditions storm event at a depth of 0.5 ft. The 500-year, 24-hour event is the only
existing conditions auxiliary flow for Vineyard Road FRS. The future conditions land use 100-
year, 24-hour event for Vineyard Road results in a flow depth of 0.6 ft in the south auxiliary
spillway. The future conditions land use 500-year, 24-hour event results in a flow depth of 1.8 ft in
the south auxiliary spillway and 1.2 ft in the north auxiliary spillway. The future conditions “with
retention” land use for Vineyard Road FRS results in no auxiliary spillway flow for the 100-year, 6-
hour or 100-year, 24-hour events.

Rittenhouse FRS experiences flow in the auxiliary spillway for the 500-year, 24-hour existing
conditions storm event at a depth of 1.0 ft. The 500-year, 24-hour event is the only existing
conditions auxiliary flow for Rittenhouse FRS. The future conditions land use 100-year, 24-hour
event for Rittenhouse FRS results in a flow depth of 0.6 ft in the auxiliary spillway. The future
conditions 500-year, 24-hour event results in a flow depth of 1.9 ft in the auxiliary spillway. The
future conditions land use “with retention” results in no flow for the 100-year 6-hour or 100-year
24-hour events. The future conditions “with retention” land use for Rittenhouse FRS results in no
auxiliary spillway flow for the 100-year, 6-hour or 100-year, 24-hour events.

The erosion analyses using the SITES model for Vineyard Road FRS indicates that the south
auxiliary spillway erodes during the stability design hydrograph and both spillways breach during
the existing and future conditions freeboard design hydrographs. The erosion analyses using the
SITES model for Rittenhouse FRS indicates that the auxiliary spillway breaches during the existing
and future conditions freeboard design hydrographs.

Alternative — Rehabilitation/Decommissioning

The proposed alternatives developed in this study are subject to uncertainty because of missing or
approximate information. Uncertainties and the effects of these uncertainties, and suggestions for
future studies are listed below.

Geohazard Investigations and Monitoring

The northern 1/3 section of Vineyard Road FRS is located within an earth fissure risk zone (low-to-
moderate). Previous planning alternatives for this segment of Vineyard Road FRS included
providing a hardened dam section as a risk reduction measure for a potential earth fissure.
Subsequent engineering evaluation eliminated the need for a hardened dam section. The future
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projection of the delineation of the risk zones and level of risk zone could potentially change during
the design life (100-years) of the proposed project. Continued monitoring of land subsidence and
geo-hazard investigations are recommended for the design life of the project for Vineyard Road and
Rittenhouse FRSs.

Embankment Filters

Optional filter configurations have been conceptually evaluated and presented in the report titled
“Final Filter Alternatives Memorandum” (AMEC, May 2012). The three filters options are: central
filter, hybrid filter, and an upstream sloping filter. Initial cost estimates of the central filter and the
hybrid filter shows that these two filter types are more economical compared to the upstream
sloping filter. The concept of the hybrid filter is provided in Appendix C as Figure C-10.

Alternative 2 proposes a new embankment filter for Vineyard Road to mitigate for transverse and
longitudinal cracking (and other potential failure modes). A ‘hybrid’ filter is proposed for Vineyard
Road FRS.

The hybrid filter was carried forward as the Sponsor’s preferred option (Alternative 2) as the
concept mitigated for the identified embankment/structure potential failure modes. The central filter
and upstream sloping filter were not carried forward as there remains uncertainty in addressing all
embankment/structure potential failure modes, constructability issues, and construction costs.

For the purposes of the National Economic Development analysis, the hybrid filter was carried
forward as potentially the least-cost viable option (Alternative 2). Part of the Sponsor’s final
decision making on filter selection will be the ADWR permitting and approval.

Construction Sequence

The construction of the rehabilitation of Vineyard Road FRS needs to occur first. The system
operational relationship between the PVVR structures are that both the Powerline Channel (described
in a separate document titled “Draft Supplemental Watershed Plan and Environmental Assessment
for the Powerline FRS” by Kimley-Horn, January 2013) and the Rittenhouse levee flows are
conveyed to the Vineyard Road FRS. The dam rehabilitation improvements for Vineyard Road
FRS include/provide for flood storage capacity from the Powerline watershed and the Rittenhouse
watershed for the 100-year flood event. The next structure to be constructed should be the elements
of the Powerline Channel, followed by the Rittenhouse levee.

Hydrology and Hydraulics

The SITES modeling for the principal spillway hydrograph (PSH), stability design hydrograph
(SDH), and integrity or freeboard hydrograph (FBH) was completed for the existing conditions as
part of this planning study. SITES modeling was completed for the alternatives (8A and 8B) to
ascertain the volume and peak discharge contributing from the Powerline watershed and
Rittenhouse watershed to the Vineyard Road FRS. PMF modeling was conducted using HEC-1 and
FLO-2D to estimate the contribution from the Powerline and Rittenhouse watersheds to the
Vineyard Road FRS. However, SITES hydrologic and spillway erosion modeling was not
completed for the alternatives for the SDH or the FBH. These need to be completed as part of final
design to determine the final Vineyard Road FRS flood volume storage and assist with design of
the auxiliary spillways for Vineyard Road FRS.
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This study developed a ‘planning PMP’ which is a reduced precipitation depth over the
Hydrometerological Report 49 (HMR-49) derived precipitation depths. The report titled
“Powerline, Vineyard Road and Rittenhouse Flood Retarding Structures Rehabilitation or
Replacement Project — Final PMP Technical Memorandum” (Kimley-Horn, July 2010)
recommended a ten percent (10%) reduction of the HMR-49 derived 6-hr PMP as the planning
PMP for analysis of the operational response of the existing dams and for the proposed alternatives.
The recommendation was based on a site-specific PMP study conducted for the Magma FRS
(another flood retarding structure located south of the Rittenhouse FRS).

The Arizona Department of Water Resources is currently developing updated PMP maps for the
State of Arizona. These maps should be used as part of final design to conduct a site-specific PMP
study for the PVVR watersheds to confirm the planning PMP reduction and/or determined if a further
reduction may be warranted. The new site-specific PMP values should be used to update the IDF
hydrology and hydraulics for the PVR watershed and structures.

Aucxiliary Spillways

Initial SITES erosion modeling indicates that all three existing auxiliary spillways (north and south
auxiliary spillway for Vineyard Road FRS and the auxiliary spillway for Rittenhouse FRS) will
breach during the PMF event. The erosion modeling was based on limited subsurface profiling of
the spillways and conservative SITES modeling parameters. To mitigate for potential breach and
headcutting through the auxiliary spillway control sections, Alternative 2 includes providing
stabilized control sills and erosion countermeasures for the auxiliary spillways.

Under Alternative 2 for Vineyard Road FRS, the locations of the north and south auxiliary
spillways are maintained and the spillways improved with new structural concrete drop structures.
The existing 300-ft wide spillway geometry will be maintained and the north and south spillway
crest sections will be raised.

The new concrete drop structures will be similar to the auxiliary spillway provided at White Tanks
FRS No. 3. This structure includes a concrete control spillway weir, downstream concrete apron,
and impact blocks for energy dissipation. A typical section of the auxiliary spillway is provided in
Appendix C as Figure C-12. Rip-rap erosion control blankets are provided at the approach section
to the spillway weir and downstream of the impact blocks to control downstream scour.

A plan view of the Vineyard North auxiliary spillway is provided in Appendix C as Figure C-13.
The plan shows a new dam segment/extension of approximately 2,500 feet to tie with the proposed
Powerline Channel. A plan view of the Vineyard South auxiliary spillway is provided in Appendix
C as Figure C-14. The plan shows a new dam segment/extension of approximately 500 feet to tie
to the Rittenhouse FRS embankment. The training dikes downstream of the auxiliary spillways will
be raised and provided with rip-rip for erosion protection.

Final design spillway hydraulics and SITES erosion modeling will provide better detail to design
the structural auxiliary spillways.

FEMA Floodplains

The Rittenhouse levee will be designed for the 100-year storm event and will discharge into the
Vineyard Road FRS. The levee will be designed to meet or exceed FEMA, District, and NRCS
design requirements for levees/dikes. The existing FEMA floodplain mapping indicates several
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washes with Zone A floodplains. The Rittenhouse levee will intercept these washes and remove the
Zone A floodplain downstream of the levee. For the levee to be recognized as providing 100-year
flood protection a FEMA CLOMR/LOMR should be prepared.

Cultural Resources

Previous cultural resources surveys and research in the vicinity suggest that there would be a
number of archaeological sites located within the area of potential effects (APE) for the alternative.
Sites in the APE that will not be subject to project-related impacts will be avoided by project
implementation activities. Cultural resource surveys are currently underway for the APE and will
be completed prior to final design. Data recovery studies will be performed to mitigate impacts to
the sites likely to suffer project-related impacts. Based on known sites in the vicinity, the majority
of the cultural resources present would be either prehistoric sites without evidence of habitation
(which might include scatters of artifacts on the surface, or artifacts with remnants of just one or a
few roasting pits, agricultural features, and/or other non-habitation features) or historical sites
(which might include homesteads, farming or ranching features, or simply scatters of historical
artifacts). Most of the remaining sites would be smaller prehistoric habitation sites, with up to two
relatively large prehistoric habitation sites. Based on experience with recent data recovery efforts in
central and southern Arizona, cultural resources mitigation costs have been estimated for this
alternative.

6.2.2 NED, EQ, AND OSE ACCOUNTS

The requirements under “Economic and Environmental Principles and Guidelines (“P&G”) for
Water and Related Land Resources Implementation Studies” (WRC 1983) have been applied to the
current study and have been used in planning this action. Principles and Guidelines specify
methodology for calculating economic effects and for evaluating and displaying social and
environmental factors in a format unique to P&G. It includes requirements for scoping, public
participation, and equal treatment of all alternatives that are equivalent to those for the National
Environmental Policy Act (NEPA).

Principles and Guidelines established four accounts to summarize both positive and negative effects
of water projects: the National Economic Development (NED) account, the Environmental Quality
(EQ) account, the Other Social Effects (OSE) account, and the Regional Economic Development
(RED) account. The accounts describe impacts to various elements of the natural and human
environment, described explicitly above, and summarize relationships between other elements of
NEPA, such as the relationship between short-term use of resources (e.g. land, limited public funds,
etc.) and maintenance of long-term productivity (e.g. improved flood protection). The NED, EQ,
and OSE accounts are discussed below. The RED is not a requirement under P&G and was not
considered in this study.

The effects of the alternative plans in terms of the NED account are summarized in Table 6 - 1 and
6-1-A for Vineyard Road FRS and Rittenhouse, respectively. The project investment cost includes
the construction cost, mobilization, contingencies, engineering and design, supervision and
administration, construction surveying, and stormwater pollution prevention plan.
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Table 6 - 1 Summary and Comparison of Candidate Plans — NED Account (Vineyard Road

FRS)
Alternative 2
Preferred/NED
Alternative 1 Rehabilitation/
No Action Decommissioning
Project Investment $248,900 (O&M) $43,612,200
Beneficial Annual® $0 $0
Adverse Annual $1,697,600
(Project costs and $248,900
maintenance)
Net Beneficial ($248,900) $(1,697,600)

U The proposed project will provide an estimated $182,400 and $4,021,700 in average annual equivalent damage reduction benefits
at Vineyard FRS and Rittenhouse FRS, respectively. However, as the "no action" or future without project alternative also provides
this same benefit stream, the project does not have a positive incremental benefit. The benefits of the project are tied to reducing the
risk of catastrophic failure of the existing structures and thus reducing the risk to life and property, as described in the plan.

Table 6 - 1-A Summary and Comparison of Candidate Plans — NED Account (Rittenhouse

FRS)
Alternative 2
Preferred/NED
Alternative 1 Rehabilitation/
No Action Decommissioning
Project Investment $42,800 $9,316,100
Beneficial Annual? $0 $0
. $352,900

Adverse Ann_ual (Project $42.800
costs and maintenance)
Net Beneficial ($42,800) ($352,900)

U The proposed project will provide an estimated $182,400 and $4,021,700 in average annual equivalent damage reduction benefits
at Vineyard FRS and Rittenhouse FRS, respectively. However, as the "no action" or future without project alternative also provides
this same benefit stream, the project does not have a positive incremental benefit. The benefits of the project are tied to reducing the
risk of catastrophic failure of the existing structures and thus reducing the risk to life and property, as described in the plan.

Benefits for the project were based upon the reduction of flood damages. Flood damages under
both a With Dams and Without Dams scenario were estimated. The difference in flood damages
between the two scenarios can be considered a benefit of retaining flood protection. Because both
of the alternatives, including the No Federal Action/Future Without Project, continue to provide
flood protection throughout the project life, the benefits are same for each alternative.
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The adverse annual benefits include the investment cost amortized at a discount rate of 3.75% over
a period of 103-years plus the annual maintenance costs. The net beneficial amounts are computed
as the annual benefits, less the adverse annual costs.

The above economic evaluation is documented in the report titled “Powerline, Vineyard Road and
Rittenhouse Flood Retarding Structures Supplemental Watershed Plan/Environmental Assessment
Economics Evaluation Technical Memorandum” (Gannett Fleming Inc. January, 2013). The
economics evaluation memorandum is summarized in the “Investigations and Analysis Report” in
Appendix D.

Under Alternative 1 (No Action Plan) the existing Vineyard Road FRS and Rittenhouse FRS would
remain in place and would continue to provide flood protection up to the 100-year event until the
end of the structures design lives (year 2018 and year 2019, respectively). Flows in excess of the
100-year event would be conveyed by the auxiliary spillway and would impact the CAP canal and
downstream residential areas west of the dams. The Sponsors have stated that a constructed breach
of the dam is not an acceptable alternative.

Alternatives 2 would provide flood protection for the 100-year event or greater. Consistent with
P&G, the alternative that has the highest positive net benefits would be identified as the NED Plan
(Alternative 3). However, per Section 502.2 of the NRCS National Watershed Program Manual,
“In cases where human life is at risk in the event of catastrophic failure of an existing dam that does
not meet current safety and performance standards, an overriding reason for an exception to the
NED plan requirement exists. To avoid seeking individual exceptions in such cases, the NED plan
is defined as the federally assisted alternative with the greatest net economic benefits.”

The effects of the alternative plans in terms of the EQ and OSE accounts are summarized in Table
6 - 2 and Table 6 - 3 respectively.

Table 6 - 2 Summary and Comparison of Candidate Plans — EQ Account

Alternative 1 Alternative 2
Preferred/NED
No Federal Action Rehabilitation/Decommissioning
SOILS
Potential inundation and Temporary disturbance by excavation and
Geology erosion due to dam failure. grading activities
Additional flood protection due to
Agricultural lands located rehabilitated Vineyard and Rittenhouse levee.
Prime and Unique downstream of dams.
Farmland Potential inundation and
erosion due to dam failure.
WATER
Sotential inundai ] Rittenhouse levee discharge to Vineyard Road
: otential inundation an FRS
Surface Water Quantity erosion due to dam failure.
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Table 6 — 2 Summary and Comparison of Candidate Plans — EQ Account (continued)

Alternative 1

No Federal Action

Alternative 2

Preferred/NED
Rehabilitation/Decommissioning

WATER

Floodplain Management

Potential exposure the
downstream floodplain to
flooding risks from
overtopping flood events
or discharges through the
auxiliary spillways above
the 100-year event.

Rittenhouse Levee flows directed to the
Vineyard Road FRS and thus provide
continued flood protection up to the 100-
year event for downstream floodplain

PLANTS
Threatened and No effect No effect
Endangered Species
Removal of existing vegetation within
project footprint. Effect minimized due to
Vegetative Communities | No effect post-construction hydroseeding and other
mitigation measures.
ANIMALS
Fish and Wildlife Short-term minor adverse effect during
Habitat No effect construction
Threatened and NG effect No effect
Endangered Species
Migratory Birds/Bald No effect Mitigation for burrowing owl
and Golden Eagles
HUMANS
Moderate effects during construction, no
Aesthetics No effect long-term effect; provides opportunity for

multi-use

Flood Damages

Downstream properties,
residences, business at
risk from inundation
from dam failure or dam
overtopping

Rittenhouse levee discharge to Vineyard
Road FRS. Reduced risk of downstream
flood damages.

Cost, Sponsor

Continued O&M costs

Action will require significant expenditure
of funds.
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Table 6 — 2 Summary and Comparison of Candidate Plans — EQ Account (continued)

Alternative 1

No Federal Action

Alternative 2

Preferred/NED
Rehabilitation/Decommissioning

Action will require significant expenditure of

Cost, NED No effect funds.

Sites in the APE that will not be subject to
Historic project-related impacts will be avoided by
Properties/Cultural No effect project implementation activities. Data recovery
Resources studies will be performed to mitigate impacts to

all sites likely to suffer project-related impacts.

Table 6 - 3 Summary and Comparison of Candidate Plans — OSE Account

Alternative 1
No Action

Alternative 2
Preferred/NED
Rehabilitation/Decommissioning

Sediment Damage

Potential inundation and erosion due to
dam failure. Sediment carried
downstream

Rittenhouse levee discharge/sediment to Vineyard
Road FRS.

Public Health and
Safety

Continued risk of loss-of-life for failure
due to dam failure from embankment
cracking and/or overtopping

Dam rehabilitation would result in greatest safety
improvement-downstream properties, residents,
communities would have highest level of flood
protection

No effect
Land Rl_ghts and No effect
Relocations
Flood protection provided for the 100-year event
Breach or failure of dam could limit
Land Use

downstream development

Environmental
Justice

Potential to inundate residential
structures from dambreak

Flood protection provided for residential structures
for next 100 years

Municipal and
Irrigation Water

CAP canal subject to inundation in a dam
break flood

Flood protection provided for public infrastructure
for next 100 years
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Table 6 — 3 Summary and Comparison of Candidate Plans — OSE Account

Alternative 2
: Preferred/NED

Alternative 1 Rehabilitation/Decommissioning

No Action

Continued risk of transportation

. infrastructure for failure due to dam Flood protection provided for public infrastructure

Transportation . .

failure from embankment cracking or for next 100 years

overtopping

The effects of the Sponsor’s Preferred Alternative/NED (Alternative 2) on resources of national
recognition are summarized in Table 6 - 4.

Table 6 - 4 Effects of the Preferred Alternative on Resources of National Recognition

Types of Resources

Measurement of Effects

Alternative 2

Prir_lcipal Sourceg _of : Preferred/NED
National Recognition Alternative 1 Alternative

No Action Rehabilitation/
Decommissioning

Air Quality

Short-term minor
No effect adverse effect during
construction.

Clean Air Act, as amended (42
USC 7401 et seq.)

Coastal Zone

Coastal Zone Management Act of
1972, as amended (16 USC 1451 et | No effect No effect

seq.)

Endangered & Threatened
Species Critical Habitat

Endangered Species Act of 1973, as

amended (16 USC 1531 etseq) | O frect No effect

Fish and Wildlife Habitat

Short-term minor
No effect adverse effect during
construction.

Fish and Wildlife Coordination Act
(16 USC 661 et seq.)

Flood protection

Executive Order 11988, Flood plain provided for the 100-

Floodplains Management No effect year event for
downstream areas
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Table 6 — 4 Effects of the Preferred Alternative on Resources of National Recognition

Measurement of Effects

Alternative 2

Types of Resources Principal Sources of Alternative 1 PEAEEINED
National Recognition : Alternative
No Action cyes -
Rehabilitation/
Decommissioning
Sites in the APE that
will not be subject to
project-related
impacts will be
avoided by project
Historic and Cultural National Historic Preservation Act implgmentation
Properties of 1966, as amended (16 USC 470 | No effect activities. Dat_a _
et seq) recovery studies will
be performed to
mitigate impacts to all
sites likely to suffer
project-related
impacts.
CEQ Memorandum of August 1,
1980: Analysis of Impacts on Prime A
. . or Unique Agricultural Lands in Da_m rehablllt_apon
Prime and Unique . ) (Vineyard) mitigates
Farmland Imp!ementmg the l_\latlonal No effect dam overtopping for
Environmental Policy Act, IDE
Farmland Protection Policy Act of
1981.
. Clean Water Act of 1977, as
Water Quality amended (33 USC 1251 et seq.) No effect No effect
Executive Order 11990, Protection
Wetlands of Wetlands; Clean Water Act, No effect No effect
Food Security Act of 1985
. . Wild and Scenic Rivers Act, as
Wild and Scenic Rivers amended (16 USC 1271 et seq.) No effect No effect
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7.0 CONSULTATION AND PUBLIC PARTICIPATION

As noted in Section 3.0 — Scope of the Supplemental Watershed Plan and Environmental
Assessment, an initial public scoping meeting to solicit input on the planning process for the
Powerline, Vineyard Road, and Rittenhouse Flood Retarding Structures Rehabilitation or
Replacement Project FRS was held on November 4, 2010 in Mesa, Arizona (Williams Gateway
Airport). Meeting notices/announcements were published in local newspapers, mailed to
approximately 11 Federal and State agencies and newsletters sent to approximately several
thousand local residents (including disadvantaged and minority publics) and stakeholders, and
electronic copies sent to Pinal County. The Sponsor provided a program overview at the meeting.
Kimley-Horn and Associates, Inc. provided an overview of the study and the scheduled activities.
Several local residents attended the scoping meeting. Since no public comments were received at
the scoping meeting no relevant concerns were identified during this public scoping process.

On February 1, 2011, the District and Kimley-Horn conducted a second public presentation in
Mesa, Arizona (Williams Gateway Airport). The purpose of the presentation was to present the
draft alternatives for the rehabilitation or replacement project. The objective of the presentation
was to gain public input and comments on the draft alternatives. Several comments were received
from the public in attendance providing input on the draft alternatives.

A third public meeting will be held during the review of this draft Plan/EA for the Preferred
Alternative. The meeting will be held in Mesa, Arizona (Williams Gateway Airport). The purpose
of the public meeting is to present the Preferred Alternative and summarize the alternatives studied
for the PVR project. Comments will be solicited from the public (including disadvantaged and
minority publics) on the Preferred Alternative.

Stakeholder meetings and workshops have been conducted with invited public agencies,
conservation groups, and land planning group to obtain comments, feedback, and evaluations of
tentative alternatives for the PVR dams. A series of seven (7) meetings and workshops were
conducted between the period from August 2010 to April 2012. Presentation materials consisting of
descriptions and exhibits of proposed alternatives, cost estimates, environmental considerations,
land footprints, and multi-use opportunities were discussed and used in the workshops to evaluate,
screen, and rank the alternatives. The alternatives were ranked by the stakeholders using a
weighted matrix scoring system.

In compliance with Section 106 of the National Historic Preservation Act, NRCS conducted
consultations with the Arizona State Historic Preservation Office (SHPO) and with all tribes whose
ancestral claims areas overlap the project area. Tribes include the Gila River Indian Community,
the Hopi Tribe, the Pascua Yaqui Tribe, the Salt River Pima-Maricopa Indian Community, the San
Carlos Apache Nation, the White Mountain Apache Tribe, and the Yavapai-Apache Nation. In
November 2012, NRCS and project sponsor representatives met with a representative of the SHPO
to initiate the Section 106 process. In January 2013, correspondence was sent to the SHPO and
affected tribes describing the purpose and need of the project, the preferred alternative, the area of
potential effects for the project, known archaeological sites within the project area, and the need for
mitigation of sites that will be adversely affected by project implementation. NRCS invited the
SHPO and affected tribes to collaborate in the Section 106 process for the project. Specifically, the
SHPO and tribes were requested to identify any previously unrecorded cultural resources, provide
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any concerns relative to historic properties that may be affected by the project, and provide any
information that will assist NRCS with project planning and appropriate treatment of cultural
resources.

The Sponsor and Kimley-Horn have conducted several consultations with the U.S. Army Corps of
Engineers, Regulatory Branch — Phoenix office in regards to jurisdictional determinations of
Waters of the U.S. in the project area. Kimley-Horn prepared on behalf of the Sponsor application
of Approved Jurisdictional Determination (AJD) and a Significant Nexus Analysis (SNA). These
documents have been submitted to the Corps of Engineers. The Corps has received and reviewed
the AJD and the SNA, and per requirements, has forwarded the AJD and SNA to the U.S
Environmental Protection Agency (EPA). The EPA is currently reviewing the submittals.

In addition to the public, the following agencies and groups were invited to participate during the
planning process:

7.1 FEDERAL GOVERNMENT

= U.S. Army Corps of Engineers

= U.S. Fish and Wildlife Service

= U.S. Environmental Protection Agency

= U.S. Department of the Interior, Bureau of Reclamation

= U.S. Department of the Interior, Bureau of Indian Affairs

= U.S. Department of Homeland Security, Federal Emergency Management Agency
= Bureau of Land Management

= Natural Resources Conservation Service

7.2 STATE AND LocAL GOVERNMENT

= Office of the Governor

= Arizona State Parks Board, State Historic Preservation Office
= Arizona Department of Agriculture

= Arizona Department of Water Resources

= Arizona Department of Transportation

= Arizona Division of Emergency Management
= Arizona Department of Environmental Quality
= Arizona Game and Fish Department

= Arizona State Land Department

= Maricopa County

= Pinal County

= City of Apache Junction

= City of Mesa

=  Town of Queen Creek

=  Town of Gilbert

7.3 TRIBAL CONTACTS

= Gila River Indian Community
= Hopi Tribe
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= Pascua Yaqui Tribe

= Salt River Pima-Maricopa Indian Community
= San Carlos Apache Nation

=  White Mountain Apache Tribe

= Yavapai-Apache Nation
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8.0 THE PREFERRED ALTERNATIVE

8.1 RATIONALE FOR ALTERNATIVE PREFERENCE

The Preferred Alternative is Alternative 2 — Rehabilitation of Vineyard Road FRS and converting
the Rittenhouse FRS to a levee. The rehabilitation alternative meets the project purpose of flood
prevention and the formulation goals of the Sponsor to address identified dam safety deficiencies of
Vineyard Road FRS and Rittenhouse FRS and to maintain flood protection for the downstream
benefitted areas. This alternative also addresses concerns identified through the scoping and
planning process. A plan schematic/exhibit for the Preferred Alternative is provided in Appendix C
as Figure C-9.

The dam rehabilitation alternative and converting Rittenhouse to a levee is complete and effective
in that it addresses all the identified problems and potential failure modes while addressing all
concerns. Additionally it is acceptable to the Sponsor and other stakeholders who will ensure its
successful implementation.

The Preferred Alternative calls for raising the dam crest and auxiliary spillways for Vineyard Road
FRS in order to safely pass the stability design hydrographs and freeboard hydrographs without
overtopping and to provide for adequate flood storage. The rehabilitated Vineyard Road FRS and
the Rittenhouse levee will be designed for a 100-year project life.

The NRCS has identified in their memorandum with the subject of “NED Alternative and Preferred
Alternative for the PVR FRS Rehabilitation Project” (NRCS, Jan. 2013) that the NED alternative
(least-cost technically-feasible) is identified as consisting of the following major components and
filter options for the Powerline FRS, Vineyard Road FRS and Rittenhouse FRS:

= Replace Powerline FRS with 100-year channels with hardened segments;
= Raise and rehabilitate Vineyard Road FRS with the ‘hybrid” filter option;
= Convert Rittenhouse FRS to a levee.

The approximate total project cost for this alternative/filter options is $83M as noted in the Level
111 report and is reported as the least cost alternative. This alternative describes Alternative 2 and is
the NED Plan for the Vineyard Road and Rittenhouse FRSs.

Consistent with P&G, the alternative that has the highest positive net benefits would be identified
as the NED Plan. However, per Section 502.2 of the NRCS National Watershed Program Manual,
“In cases where human life is at risk in the event of catastrophic failure of an existing dam that does
not meet current safety and performance standards, an overriding reason for an exception to the
NED plan requirement exists. To avoid seeking individual exceptions in such cases, the NED plan
is defined as the federally assisted alternative with the greatest net economic benefits”.

Section 5.2 presented a discussion of Alternatives 8B and 8A in relation to the Preferred
Alternative and the NED Plan. As noted Alternatives 8A and 8B were carried forward into a Level
I11 analysis (Level 111 Final Alternatives Summary Report — Kimley-Horn, September 2012). The
Level Il analysis conducted further evaluations of Alternatives 8A and 8B. The alternatives differ
in the treatment of Rittenhouse FRS and in the filter treatments for Vineyard Road FRS and
Rittenhouse FRS in Alternative 8B. The Level Il report identified the Sponsor’s Preferred
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Alternative as the option with the upstream sloping filters for dam rehabilitations for both Vineyard
Road FRS and Rittenhouse FRS. The Level 111 report identified the Preferred Alternative as
Alternative 8A with the option of a ‘hybrid’ filter for the dam rehabilitation of Vineyard Road FRS,
converting the Rittenhouse FRS to a levee, and replacing Powerline FRS with a 100-year channel.

The Preferred Alternative and the NED Plan for the Vineyard Road FRS and the Rittenhouse levee
is one in the same for this Plan/EA. The Preferred Alternative and NED Plan for the Powerline
FRS (which is replacing the FRS with a channel) are provided in the “Draft Supplemental
Watershed Plan and Environmental Assessment for the Powerline FRS” (Kimley-Horn January
2013).

8.2 MEASURES TO BE INSTALLED

The features of the Preferred Alternative are summarized below which are based on the results of
the technical investigations and analyses, and in accordance with the Sponsor and NRCS
requirements.

8.2.1 EMBANKMENTS

Upstream embankment modifications to the Vineyard Road FRS includes installation of an ‘hybrid’
filter constructed to a depth of below existing cut-off trench to competent material and raising the
dam crest elevation (Vineyard Road FRS from 1580.3 feet to 1592.0 feet). Borrow material for the
dam raise may be derived from borrow areas within the reservoir pool. The north abutment of
Vineyard Road FRS will be extended to accommodate the design of the auxiliary spillway, raised
dam crest elevation, and the confluence with the Powerline Channel. A typical section of the
Vineyard Road FRS including the hybrid filter is provided in Appendix C as Figure C-10.

The Rittenhouse FRS north abutment will be removed to allow Rittenhouse flows to be conveyed
to the Vineyard Road FRS flood pool. The Rittenhouse FRS crest will be lowered to an elevation of
the 100-year water surface plus 3-feet of freeboard. The excess spoil material from the
embankment excavation is anticipated to be stockpiled within the Sponsor’s easement at locations
to be determined with the land owner — Arizona State Land Department. A typical section of the
Rittenhouse levee is provided in Appendix C as Figure C-15.

8.2.2 PRINCIPAL SPILLWAYS

The Preferred Alternative includes removal of the existing principal spillways at Vineyard Road
FRS and at Rittenhouse FRS. The Vineyard Road spillway will be replaced with new T-top baffled
riser principal spillways based on NRCS standards and outlet works consisting of an impact basin
(energy dissipator). No principal spillway is required at the Rittenhouse levee. A plan view of the
principal spillway is provided in Appendix C as Figure C-11.

The design of the principal spillway is based on the NRCS requirement to drain the runoff from the
100-year 10-day storm event (Principal Spillway Hydrograph, PSH) to 15% of the inflow volume
within 10 days or less without passing flow over the auxiliary spillways. The invert elevation at the
intake of the principal spillways has been located above the anticipated 100-year sediment storage
levels.

USDA- NRCS Page 8-2 January 2013
Kimley-Horn and Associates, Inc.



Vineyard Road and Rittenhouse Flood Retarding Structures Draft Supplemental Watershed Plan
Pinal County, AZ and Environmental Assessment

8.2.3 AUXILIARY SPILLWAYS

The Preferred Alternative will raise the auxiliary spillway crest elevations for both the north and
south auxiliary spillways for Vineyard Road FRS. The north and south auxiliary spillways for
Vineyard Road FRS will be raised from 1576.1 (north) and 1575.5 (south) feet to 1580.6 feet. New
concrete drop structures will be constructed for the Vineyard Road FRS auxiliary spillways and
will be similar to the auxiliary spillway provided at White Tanks FRS No. 3. This structure includes
a concrete control spillway weir, downstream concrete apron, and impact blocks for energy
dissipation. Rip-rap erosion control blankets are provided at the approach section to the spillway
weir and downstream of the impact blocks to control downstream scour. A typical section of the
auxiliary spillway is provided in Appendix C as Figure C-12.

The depths of the auxiliary spillways were designed to safely pass the stability design hydrograph
and the freeboard hydrographs through the existing widths of the spillways. The spillways
locations will remain the same location as existing. The NRCS SITES model was used to evaluate
the breach potential of the existing spillways allowing for the design of the appropriate planning
design depth of the drop structures.

8.3 MITIGATION FEATURES

Clearing and grading activities due to construction for the raised dams and modifications of the
auxiliary spillways and construction of O&M roads will temporarily disturb existing vegetation.
Disturbed areas due to construction activities will be hydro-seeded with native plant mix. The
mitigation may include planting new tallpot mesquite trees (approximately 100 acres) and salvage
of some mature mesquite trees and transplanting in designated areas adjacent to the embankments.

Weed prevention methods will be implemented during construction activities. These methods wil
be determined in final design but may include: use of certified weed free seed, sterilized straw
mulch with a tackifier so the straw mulch holds onto the ground, washing vehicles off before they
enter the site, and managing adjacent weed populations to the extent possible (to prevent seed
drift). Also, the use of pre-emergent herbicide could be considered for any non-planted areas that
will be plated with Decomposed Granite or Rip Rap. A further measure would be to not allow
weeds to colonize any soil stockpile areas before the re-use of the stored soil on site.

Erosion control measures, both temporary during construction and permanent measures will be
installed. Erosion control will be specified in the NRCS contract specifications. Section 7.4 below
states the Sponsors are responsible for a 402 National Pollutant Discharge Elimination System
Permit (NPDES) for Stormwater from Construction Sites which includes the preparation of a
Stormwater Pollution Prevention Plan (SWPPP).

The installation activities will be required to conform with local and county dust control regulations
and measures. Dust control will be specified in the NRCS contract specifications.

8.4 PERMITS AND COMPLIANCE

The Sponsors are responsible for all permits, including a 402 National Pollutant Discharge
Elimination System Permit (NPDES) for Stormwater from Construction Sites, and the water quality
certification (401 certification) both from the Arizona Department of Environmental Quality, and
submittal Form SCS-ADS- 78 (Real Property Assurances).
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The final determination of the applicability of NPDES permitting requirements will be made upon
completing the design of the proposed project; if applicable, the final construction contract will
include NPDES planning and implementation as a responsibility of the construction contractor.
Completion of the Final Watershed Plan-EA and a Finding of No Significant Impact will complete
all requirements of NEPA.

If during the installation cultural resources are discovered, all work activities associated with the
installation activity will stop and procedures detailing cultural resources discovered during
implementation will be implemented per NRCS contract specifications. All work will comply with
Arizona State Level Agreement, NRCS General Manual 420 Part 401, and the National Cultural
Resources Procedures Handbook [H 190 Part 601].

An encroachment permit may be required from the CAP for construction within the CAP canal
right-of-way.

8.5 CosTs

The estimated installation costs for the Preferred Alternative/NED are $52,928,300. This estimated
installation includes the cost of construction plus NRCS engineering and project administration
costs, as well as the Sponsor’s engineering and project administration costs.

NRCS Tables 1 through 6 are included in this section of this Plan-EA and presents information
about the Preferred Alternative. The costs shown in Tables 1 and 2 for the planned rehabilitation
work were estimated using a 2012 price level. Annual costs were based on a 2012 discount rate of
3.75% over a project life of 103-years. Table 3 summarizes important physical characteristics of
the rehabilitated dams. Tables 4, 5, and 6 highlight the amortized or annual average dollar costs
and benefits for the planned rehabilitation work. An outline of the table contents follows:

= Table 1. Estimated Installation Cost: This table documents the federal and non-federal
funding sources respectively. The table shows federal expenditures under the Watershed
Protection and Flood Prevention Act (PL 83-566).

= Table 2. Estimated Cost Distribution: This table shows estimated costs to be charged to the
PL 83-566 Funds, and those to be borne by the Sponsors.

= Table 3. Structure Data: This table shows important physical characteristics and geometry
of the rehabilitated earth embankment for the Vineyard Road FRS.

= Table 3a. Dikes: This table important physical characteristics and geometry of the
Rittenhouse Levee.

= Table 4. Estimated Average Annual Cost: This table shows the anticipated installation costs
of the Preferred Alternative discounted over the evaluation period of 103 years.

= Table 5. Estimated Average Annual Damage Reduction Benefits: This table summarizes
flood damage reduction provided by the proposed project. It includes a summary of the
agricultural and non-agricultural benefits that the proposed project would provide.

= Table 6. Comparison of Benefits and Costs: This table summarizes the benefits and costs of
the Preferred Alternative and documents the overall benefit-to-cost ratio of the proposed
project.
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8.6 INSTALLATION AND FINANCING

8.6.1 FRAMEWORK

All works of improvement will be installed in accordance with applicable state and federal
regulations. Installation of the work will be accomplished through a Project Agreement, which
defines and details the roles and responsibilities of the NRCS and the Sponsors.

8.6.2 PLANNED SEQUENCE OF INSTALLATION

The major construction elements in the Preferred Alternative can be divided into the Vineyard
Road FRS rehabilitation and the Rittenhouse FRS conversion to a levee.

The work for the rehabilitated Vineyard Road FRS should be completed first. The work for the
Powerline Channel (under the Powerline FRS Supplemental Watershed Plan/EA) may be
completed after the rehabilitation of the Vineyard Road FRS. The work for the rehabilitated
Rittenhouse FRS may be initiated after substantial completion of the Powerline Channel. Erosion
protection measures may be placed when grading is completed for the specific elements.

8.6.3 RESPONSIBILITIES

The responsibilities of the Sponsors and the NRCS, set forth in the original work plan, will
continue in accordance with this Supplemental Watershed Plan-EA and with the Supplemental
Watershed Agreement.

The NRCS will provide technical assistance to the Sponsors with the design and construction of the
rehabilitation/decommissioning project. NRCS will:

= Provide contract administration technical assistance
= Provide construction management technical assistance

= Provide financial assistance equal to 65% of project costs, not to exceed 100% of actual
construction costs

= Execute a cooperative agreement with the Sponsors before either party initiates work
involving funds of the other party. Such agreements will set forth in detail the financial and
working arrangements and other conditions that are applicable to the specific works of
improvement.

The Sponsors will:

= Secure all needed permits, easements (if required), and rights for installation, operation, and
maintenance of the new channels.

= Utilities need to be researched as part of the design phase of the project. Relocation of
utilities is the responsibility of the utility owner.

= The Sponsors will provide leadership in updating their existing Emergency Action Plan
(EAP) prior to construction and will update the EAP annually with local emergency
response officials. The purpose of the EAP is to outline appropriate actions and to designate
parties responsible for those actions in the event of a potential failure of the channels.

USDA- NRCS Page 8-5 January 2013
Kimley-Horn and Associates, Inc.



Vineyard Road and Rittenhouse Flood Retarding Structures Draft Supplemental Watershed Plan
Pinal County, AZ and Environmental Assessment

Execute an updated Operation and Maintenance agreement with NRCS for the Vineyard
Road FRS and Rittenhouse Levee.

Execute a cooperative agreement with NRCS before either party initiates work involving
funds of the other party. Such agreements will set forth in detail the financial and working
arrangements and other conditions that are applicable to the specific works of improvement.

Provide nonfederal funds for cost-sharing of the project at a rate equal to, or greater than,
35% of project costs.

Provide local administrative and construction management services necessary for
installation of the project.

Comply with all applicable Federal, State, and local floodplain management laws,
ordinances and regulations.

Be responsible for enforcing all associated project easements and rights-of-way.

The Flood Control District of Maricopa County will provide technical leadership for the
installation, operation, and maintenance of the structural measures installed under the Supplemental
Watershed Plan and Environmental Assessment. The NRCS will work closely with the Sponsor in
the development of an operation and maintenance plan and will participate in annual inspections
jointly with the Sponsor and the State Office of Dam Safety.

Contracts to implement the Preferred Alternative measures will be between the District and the
selected construction firm. The NRCS will facilitate the request for funding from appropriations for
the dam rehabilitation program. The NRCS will provide the financial assistance to the District by
means of a cooperative agreement.

All works of improvement will be installed in accordance with NRCS standards and specifications
and meet all applicable local, State, and Federal regulations.

8.6.4

REAL PROPERTY AND RELOCATIONS

Implementation of the Preferred Alternative will not require procurement of real property rights by
the Sponsors.

Additional temporary work easements for over excavation, loading, and unloading may be
required in the vicinity of the CAP canal for removal of the existing dam embankment.
Avreas for construction staging and stockpiling can be located within the existing flood pool
area, and will not require additional temporary easement.

It appears that no relocations as defined by the Uniform Relocation Act will be needed.
However, if any relocations are identified during installation of this undertaking, they must
conform with the Uniform Relocation Act and NRCS procedures, which are outlined in
NRCS Property Management Regulations.

8.6.5 OTHER AGENCIES
= The Preferred Alternative will require review and concurrence from the ADWR Dam Safety
Division.
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= Hauling on local roadways will likely require a haul-road permit that will be the
responsibility of the construction contractor.

8.6.6 FINANCING

The Sponsors are responsible for 35% of the total decommissioning cost. The NRCS will provide
65% of the total decommissioning cost with funding from PL 83-566.

8.6.7 OPERATION, MAINTENANCE, AND REPLACEMENT

The Flood Control District of Maricopa County will continue to operate and maintain the Vineyard
Road FRS and Rittenhouse levee. The operation, maintenance, and replacement program is carried
out as prescribed in the Operation and Maintenance Agreement. A new O&M agreement between
the Sponsors and NRCS will be written and executed prior to the beginning of construction. The
agreement is developed in accordance with the NRCS National Operation and Maintenance
Manual, and provides for inspections, reports, and procedures for performing maintenance items
and will be in force during the 100-year evaluated project life. Operation includes the
administration, management, and performance of non-maintenance actions needed to keep
completed measures safe and functioning as planned.

The National Operation and Maintenance Manual will be used as a guide for operation.

Maintenance includes performing work and providing materials to prevent the deterioration of the
installed works. Maintenance also includes repairing damage and replacing the measure or its
components. Damage to completed measures caused by normal deterioration, drought, flooding
from rainfall greater-than-design rainfall, or vandalism is considered maintenance. Maintenance
includes both routine and recurring needs such as:

= Annual control of woody species on or near the levee.

= Rodent control on the main embankment.

= Vector control, if necessary.

= Repair and maintenance of the existing drainage structures.
= Other specific items will be identified during design.

Inspections are necessary to ensure that the installed measures are safe and functioning properly.
Inspections are to: a) assess the adequacy of OM&R activities; b) identify needed OM&R work; c)
identify unsafe conditions, including significant changes in the use of the floodplain below the
channel; d) specify ways of relieving unsafe work or performing other needed work; and e) set
action dates for performing corrective actions.

The Sponsors are responsible for inspecting completed measures. Inspections will be made at least
annually on a regularly scheduled basis for the life of the structure and after any major events such
as floods or earthquakes. The Operation and Maintenance Agreement will specify any other
needed inspections. The NRCS may, depending on the availability of staff, assist the Sponsors
with the inspections. Inspection reports will be supplied to NRCS following each inspection.

The estimated annual cost of operation and maintenance for the Preferred Alternative is $291,700.
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8.7 NRCS NATIONAL WATERSHED MANUAL TABLES

NRCS Table 1 — Estimated Installation Cost
Vineyard Road FRS and Rittenhouse FRS

Williams-Chandler Watershed, Maricopa and Pinal Counties, AZ

(Dollars) ¥

Estimated Cost*"
Installation Cost Item Unit Number

Federal Funds Other Funds Total
Elghsab'“ta“o” of Vineyard | \; 4 $28,053,500 $15,558,700 $43,612,200
Rehabilitation of
Rittenhouse FRS No. 1 $6,177,800 $3,138,300 $9,316,100
Total Project $34,231,300 $18,697,000 $52,928,300

January 2013

1 :

2012 Prices.
Z Federal Funds include NRCS Engineering Services and Project Administration ($1,300,000), which are not included when
calculating eligible federal cost share. Permit costs ($964,800) are also not included. Therefore, federal cost share is based on Total
Eligible Project Cost of $50,663,500.

USDA- NRCS January 2013
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NRCS Table 2 — Estimated Cost Distribution - Structural and Non-Structural Measures

Vineyard Road FRS and Rittenhouse FRS
Williams-Chandler Watershed, Maricopa and Pinal Counties, AZ

(Dollars) ¥
Installation Cost Installation Costs
—————————— Federal Funds?--------— ----—————-Other Funds----------
Works of Total
Installation
Improvement
. . . Total . . Real . . Cost
Construction Engineering | Project Federal Construction Engineering Property Requ!red Project Total Other
Services Admin. Services . Permits Admin. | Funds
Funds Rights
Rehabilitation
of Vineyard
FRS $27,403,500 | $600,000 $50,000 | $28,053,500 | $13,541,300 | $1,204,400 | $0 $803,000 | $10,000 | $15,558,700 | $43,612,200
Rehabilitation
of
Rittenhouse
FRS $5,527,800 | $600,000 $50,000 | $6,177,800 | $2,723,800 | $242,700 $0 $161,800 | $10,000 | $3,138,300 | $9,316,100
Grand Total | $32,931,300 | $1,200,000 | $100,000 | $34,231,300 | $16,265,100 | $1,447,100 | $0 $964,800 | $20,000 | $18,697,000 | $52,928,300

Upp .
Price Base: 2012.
% Federal Engineering Services and Project Administration costs, as well as permit costs, are not included when calculating eligible federal cost share. Therefore, federal cost share is

based on Total Eligible Project Cost of $50,663,500.

January 2013
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NRCS Table 3 — Structural Data

Vineyard Road FRS and Rittenhouse FRS
Williams-Chandler Watershed, Maricopa and Pinal Counties, AZ

Item Unit Vineyard Road FRS
Hazard Class of Structure High (C)
Seismic Zone Sonoran Zone
Uncontrolled Drainage Area” mi? 52.7 (146.8 total)
Total Drainage Area mi? 52.7 (146.8 total)
Runoff Curve No. (1-day) (AMC 1) 83
Time of Concentration (Tc) hrs 4.12
Elevation Top of Dam ft 1593.0
1581.4 (North)
Elevation Crest Auxiliary Spillway ft 1581.4 (South)
Elevation Crest High Stage Inlet ft 1573.1
Concrete drop structure with
Auxiliary Spillway Type downstream Earthen Channel
300 (North)
Auxiliary Spillway Bottom Width ft 300 (South)
0.0129 (North)
Auxiliary Spillway Exit Slope percent 0.0107 (South)
Maximum Height of Dam ft 29.2
Volume of Fill yd® 2,942,000
Total Capacity ¥ acre-ft 10,568
Sediment Submerged acre-ft 2,893
Floodwater Retarding acre-ft 7,675
Surface Area ¥
Sediment Pool acres 599
Floodwater Retarding Pool acres 1,259
Principal Spillway Design
Rainfall Volume (1-day)“ in 3.75 (4.07, 3.84)
Rainfall Volume (10-day) in 7.28 (8.25, 7.21)
Runoff Volume (1-day) ¥ in 0.86 (0.90, 0.83)
Runoff VVolume (10-day) ¥ in 1.59 (1.78, 1.44)
Capacity of High Stage (max.) ¥ ft/s 524
Dimensions of Conduit ¥ in 66
Type of Conduit ¥ RCP
Frequency Operation-Auxiliary Spillway percent chance <1.0

USDA- NRCS
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NRCS Table 3 — Structural Data

Vineyard Road FRS and Rittenhouse FRS
Williams-Chandler Watershed, Maricopa and Pinal Counties, AZ (continued)

Item Unit Vineyard Road FRS
Auxiliary Spillway Hydrograph

Rainfall Volume ® in 4.30

Runoff Volume ® in 2.77

Storm Duration hrs 6

Velocity of Flow (Ve) ft/s TBD in Final Design

Max. Reservoir Water Surface Elev. ft TBD in Final Design
Freeboard Hydrography

Rainfall Volume ¥ in 9.72 (9.99, 9.81)

Runoff Volume in 7.70

Storm Duration hrs 6

Max. Reservoir Water Surface Elev. ” ft 1590.8
Capacity Equivalents

Sediment Volume” in 0.4

Floodwater Retarding Volume ”/ in 1.0

January 2013

Y First value listed is for the Vineyard Road Watershed only. The second value in
parenthesis is for the total Powerline, Vineyard Road and Rittenhouse watershed.

2 Includes 1 feet of freeboard.

% Crest of Auxiliary Spillway.

4/ For Vineyard Road only. Rainfall values for Powerline and Rittenhouse respectively are provided in parenthesis.
5/ For Vineyard Road only, but includes inflows from Powerline and Rittenhouse.

6/ For Vineyard Road

7/ For total watershed of Powerline, Vineyard Road and Rittenhouse.
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NRCS Table 3a — Structural Data — Dikes *

Vineyard Road FRS and Rittenhouse FRS
Williams-Chandler Watershed, Maricopa and Pinal Counties, AZ

Average 100-year
Top Average Height Frequency Volume of
Width | Side Slope of Dike Velocity Dike Earth Fill¥
Dike Stationing | [ft] [H:1V] [ft] [ft/s] Protection [yd®]
Rittenhouse | 10+00 39 3 0 7.8 Rock Riprap | 4954
Levee 25+00 0 3 4 7.8 Rock Riprap | 8500
50+00 35 3 14 7.8 Rock Riprap | 28759
75+00 35 3 14 7.8 Rock Riprap | 22028
100+00 35 3 13 7.8 Rock Riprap | 22028
125+00 35 3 12 7.8 Rock Riprap | 22028
150+00 40 3 13 7.8 Rock Riprap | 24111
175+00 50 3 10 7.8 Rock Riprap | 31194
190+00 80 3 6 7.8 Rock Riprap | 30531
195+00 110 3 0 7.8 Rock Riprap | 22044

"Dike is Class I (reference NRCS Engineering Standard No. 356) Prepared: January 2013

USDA- NRCS
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NRCS Table 4 — Estimated Average Annual National Economic Development (NED) Costs

Vineyard Road FRS and Rittenhouse FRS

Williams-Chandler Watershed, Maricopa and Pinal Counties, AZ
(Dollars) ¥

Operation, Total
Maintenance and
Replacement Cost

Works of Improvement Amortization of

Rehabilitation Cost?

Vineyard FRS $1,448,700 $248,900 $1,697,600
Rittenhouse FRS $310,100 $42,800 $352,900
TOTAL $1,758,800 $291,700 $2,050,500

January 2013

Y Price Base 2012.
2 Amortized for 102 years at 3.750 percent.
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NRCS Table 5 - Estimated Annual Flood Damage Reduction Benefits
(Avg. Annual Equivalents)
Vineyard Road FRS and Rittenhouse FRS
Williams-Chandler Watershed, Maricopa and Pinal Counties, AZ

(Dollars) ¥
. : : : : Total Damage Benefits _of All
Item uture With Project Future Without Project Reduction Alternatlves_(Average
: Annual Equivalent
Ag. Related | Non-Ag. Related Ag.Related | Non-Ag. Related Benefits Value?)
Vineyard FRS
Floodwater
Residential $78,300 $78,300 $0 $0
Commercial/Industrial $29,200 $29,200 $0 $0
Agriculture $1,400 $1,400 $0 $0
Infrastructure
Roadways $5,400 $5,400 $0 $0
Irrigation Canal $1,700 $1,700 $0 $0
Insurance Administration Costs $59,500 $59,500 $0 $0
Subtotal Vineyard FRS $3,100 $172,400 $3,100 $172,400 $0 $0
Rittenhouse Levee
Floodwater
Residential $1,183,800 $1,183,800 $0 $0
Commercial/Industrial $15,100 $15,100 $0 $0
Institutional $2,428,700 $2,428,700 $0 $0
Agriculture $217,500 $217,500 $0
Infrastructure
Roadways $5,000 $5,000 $0 $0
Irrigation Canal $0 $0 $0
Insurance Administration Costs $19,500 $19,500 $0 $0
USDA- NRCS Page 8-14 January 2013
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NRCS Table 5 - Estimated Annual Flood Damage Reduction Benefits

(Avg. Annual Equivalents)
Vineyard Road FRS and Rittenhouse FRS
Williams-Chandler Watershed, Maricopa and Pinal Counties, AZ (continued)

(Dollars) 1/
VEIE) DR E\Ttr:rfr:t:tiovfe?&vera e
Item Future With Project Future Without Project Reduction . g
. Annual Equivalent
Benefits 2
Value®)
Ag. Related | Non-Ag. Related Ag. Related Non-Ag. Related
Subtotal Rittenhouse FRS $217,500 $3,652,100 $217,500 $3,652,100 $0 $0
TOTAL $220,600 $3,824,500 $220,600 $3,824,500 $0 $0
January 2013
YPrice Base 2012. Amortized for 103 years at 3.75 percent.
% Calculated as follows: calculate present value of damage reduction in each year, sum the present values, and then calculate the amortized
annual amount (“average equivalent value™) that would yield the present value sum. Present value and amortization use the discount rate of
3.75%. The benefits of the project are tied to reducing the risk of catastrophic failure of the existing structures and thus reducing the risk
to life and property, as described in the plan.
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NRCS Table 6 — Comparison of NED Benefits and Costs
Vineyard Road FRS And Rittenhouse FRS

(Dollars) ¥

Williams-Chandler Watershed, Maricopa and Pinal Counties, AZ

Average Annual Average Annual .
Works of Improvement Benefits (Ag- Benefits (Non Ag- Avera;?e Al Ben_ef3|/t/ S
Costs Ratio
Related) Related)
Vineyard FRS $0 $0 $1,697,600 0.0t0 1.0
Rittenhouse FRS $0 $0 $352,900 0.0t01.0
January 2013

Y Price Base 2012.
2 From Table 4.

3/ The proposed project will provide an estimated $182,400 and $4,021,700 in average annual equivalent damage reduction
benefits at Vineyard FRS and Rittenhouse FRS, respectively. However, as the "no action" or future without project alternative also
provides this same benefit stream, the project does not have a positive incremental NED benefit. The benefits of the project are tied
to reducing the risk of catastrophic failure of the existing structures and thus reducing the risk to life and property, as described in

the plan.
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10.0 LIST OF PREPARERS

The following individuals participated in the preparation of the Plan/EA.
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Vineyard Road FRS Existing Embankment — Typical Section

Vineyard Road FRS Principal Spillway

Vineyard Road FRS South Auxiliary Spillway

Vineyard Road FRS North Auxiliary Spillway

Rittenhouse FRS Existing Embankment — Typical Section

Rittenhouse FRS Principal Spillway

Rittenhouse FRS Auxiliary Spillway

Earth Fissure Risk Zones

Plan View Preferred Alternative — Vineyard Road FRS and Rittenhouse Levee
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Preferred Alternative — Vineyard Road FRS Auxiliary Spillway Cross Section
Preferred Alternative — Vineyard Road FRS North Auxiliary Spillway Plan View
Preferred Alternative — Vineyard Road FRS South Auxiliary Spillway Plan View
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Emergency Spillway Inundation Areas — Vineyard Road FRS
Dam Failure Inundation Areas — Vineyard Road FRS
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NOTE: THE CENTRAL FILTER EXTENDS FROM STATIONS 85+00 TO 360+00
AND EXTENDS TO DEPTHS OF 19 TO 21 FEET BELOW THE DAM CREST,
CORRESPONDING TO DEPTHS OF BETWEEN 2.5 TO 4.5 FEET BELOW THE
ORIGINAL GROUND SURFACE. THERE ARE NO FINGER DRAINS CONNECTING
THE CENTRAL FILTER TO THE DOWNSTREAM TOE OF THE EMBANKMENT.
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Figure C-1: Vineyard Road FRS Existing Embankment - Typical Section
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Figure C-3. Vineyard Road FRS South Auxiliary Spillway
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UPSTREAM

RITTENHOUSE FRS

e — O

DOWNSTREAM

—

_>‘ /—CENTRAL FILTER

VARIES r
1

|

22" MIN

NOTE: THE CENTRAL FILTER EXTENDS FROM STATIONS 80+00 TO 210+00.
THE CENTRAL FILTER IS NOT PRESENT IN THE SOUTHERN 5,000 FEET OF
THE DAM FROM STATIONS 30+00 TO 80+00. THE FILTER EXTENDS AN

/EXISTING GROUND

AVERAGE OF 12.8 FEET BELOW THE CREST BETWEEN STATIONS 80+00 AND

109+72 AND EXTENDS AN AVERAGE OF 15.8 FEET BELOW THE CREST
BETWEEN STATIONS 109+72 AND 200+00. THE FILTER VARIES FROM 14.6
TO 6.9 FEET IN DEPTH BETWEEN STATIONS 200+00 AND 210+00. THE
FILTER DOES NOT EXTEND THROUGH THE EMBANKMENT INTO NATIVE SOILS.

GRAPHIC SCALE
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Figure C-5. Rittenhouse FRS Existing Embankment — Typical Section
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ADVANTAGES CUT-OFF

e THE EXCAVATION OF THE UPSTREAM SLOPE CAN BE COMPLETED USING A VARIETY OF COMMONLY AVAILABLE
EXCAVATORS, GRADERS AND/OR SCRAPERS.

e« USE OF VERTICAL SLURRY TRENCH REDUCES THE NEED FOR EXCAVATION OF THE UPSTREAM TOE DOWN TO
COMPETENT MATERIAL.

e SLURRY TRENCH CONSTRUCTION TECHNIQUES ALLOWS FOR TRENCHING THROUGH PALEO—CHANNELS AND OTHER
““RUNNING>> GROUND CONDITIONS IN THE FOUNDATION.

o GEOTEXTILE CAN BE LAID FLAT AGAINST THE SLOPE MAKING IT EASIER TO INSPECT AND REPAIR PRIOR TO
BACKFILLING.

e REPAIRS TO DAMAGED GEOTEXTILE ARE RELATIVELY EASY REGARDLESS OF CONSTRUCTION PHASE.

e THE DISTRICT INTENDS TO UTILIZE CMAR CONSTRUCTION CONTRACTS FOR FUTURE DAM REHABILITATIONS LIKE
THE PVR DAMS. THIS TYPE OF CONTRACT PROCUREMENT WILL HELP TO ASSURE QUALIFIED CONTRACTORS AS
NEEDED TO PERFORM HIGH QUALITY SPECIALIZED WORK SUCH AS SLURRY TRENCHES.

DISADVANTAGES
e SURFACE PREPARATION ALONG THE UPSTREAM SLOPE WILL BE REQUIRED.
e COLLAPSE PRONE FOUNDATION SOILS REMAIN UNDERNEATH THE EXISTING UPSTREAM CUTOFF AND BELOW
UPSTREAM STRUCTURAL FILL.
¢ INABILITY TO INSPECT SLURRY TRENCH EXCAVATION BOTTOM. VERTICAL SLURRY TRENCHING IS A SPECIALIZED
ggiéﬁgUCTION TECHNIQUE AND LIKELY WILL REQUIRE CONFIRMATION BORINGS BY THE STATE REGULATORY
e GEOTEXTILE EXPOSURE TIME MAY BE MORE DIFFICULT TO CONTROL. BACKFILLING OVER THE GEOTEXTILE TO THE
FULL HEIGHT OF THE STRUCTURE MAY TAKE SEVERAL DAYS DEPENDING ON CONSTRUCTION SEQUENCING.
\-DOWNSTREAM STRUCTURAL FILL IS FOUNDED ON COLLAPSIBLE FOUNDATION SOILS.

o ADDITIONAL RIGHT-OF—WAY REQUIRED FOR DOWNSTREAM RAISE.

UPSTREAM q|:' ROCK MULCH DOWNSTREAM
STRUCTURAL FILL 4 EXISTING REMOVE TOP
| CENTRAL FILTER 2 FT AT CREST |
UPSTREAM SLOPING id %D - 0
FILTER o\ =] (2 ‘ i
EXISTING 2.5 2 S S A
UPSTREAM FACE 1= q% = . S ASTNCS . 4 |
7 \7 | Q2 (2 > '
\ 9@ 1 - < QO STRUCTURAL FILL
- c% =0, 1.5 I 4 Ze
3 o o Ed&
)
X T
: DC&)C:;C‘%DQ %&)D FILTER 2 L
_- FABRIC Q ‘
- - > —A R
> S~ o | _
1 T T EXISTING [ =" 2 2
2 R 2 UPSTREAM |- - S
, >~._ 2 CUTOFF [:= - , |
NEW 4’ SHELF IF UPSTREAM VARIES < i - 0 VARIES
EMBANKMENT RAISE EXTENDS N A | NON—COMPETENT
BEYOND EXISTING UPSTREAM D 5 IS MATERIAL GRAPHIC SCALE
CUTOFF (TO BE ADDRESSED | | 12° I e e —
DURING FINAL DESIGN) | = (N FEED
_ - — — =] s=— - _ |- — _ _ I _
— VERTICAL— b : — .
CEMENT/BENTONITE —1 3 I— | — COMPETENT MATERIAL

* A SIMILAR ALTERNATIVE (1A(l)) WITH AN UPSTREAM FLOWABLE FILL CUT—OFF TRENCH SCORED LOWER IN AN
ALTERNATIVES ANALYSIS THAN AN ALTERNATIVE (1A(II)) THAT FULLY REMOVED THE UPSTREAM
NON—COMPETENT MATERIALS (URS 2004).

OUTSTANDING CONCERNS
« UNKNOWN PERFORMANCE RELATED TO CRACKING OF SLURRY BACKFILL AND THE POTENTIAL FOR LEAKAGE
THROUGH A CRACK IN THE SLURRY BACKFILL WHICH CAUSES COLLAPSE OF THE NON—COMPETENT FOUNDATION
MATERIAL CREATING A VOID BELOW THE DAM DOWNSTREAM OF THE CUT—OFF.

o UPSTREAM VERTICAL CEMENT/BENTONITE CUT—OFF HAS NOT BEEN WELL VETTED THROUGH MULTIPLE FMEAS
UNLIKE THE FULL UPSTREAM SLOPING FILTER ALTERNATIVE. A FINAL DESIGN FMEA ON THIS ALTERNATIVE IS
RECOMMENDED.

e OTHER SLURRY TRENCH BACKFILL MATERIALS SHOULD BE CONSIDERED DURING FINAL DESIGN TO OPTIMIZE
COST SAVINGS AND/OR PERFORMANCE.

e« MORE THAN 10 YEARS OF PROFESSIONAL PRACTICE ASSESSING ALTERNATIVES TO MITIGATE CRACKED FRS
STRUCTURES IN NON—FISSURE RISK ZONES HAS DEVELOPED THE FULL UPSTREAM SLOPING FILTER
REHABILITATION ALTERNATIVE. IN GENERAL THE UPSTREAM SLOPING FILTER ALTERNATIVE FITS MOST UNIQUE
SITE CONDITIONS AND MITIGATES ALL IDENTIFIED FAILURE MODES. NEVERTHELESS, THE PVR PROJECT
PRESENTS ITS OWN UNIQUE FEATURES ASSOCIATED WITH THE UPSTREAM FRS CUT—OFF WHICH HAS POSITIVE
QUALITIES THAT CAN BE COMBINED WITH A CUT-OFF.

o CUT-OFF TRENCH MAY NEED TO BE CONSERVATIVELY DEEPENED (DESIGN DEPTH) TO COMPENSATE FOR THE
ABILITY TO NOT INSPECT THE FOUNDATION SOILS TO VERIFY PENETRATION INTO THE UNDERLYING COMPETENT
FOUNDATION SOILS.

e LIMITED EXPERIENCE WITH CONSTRUCTION OF A VERTICAL SLURRY TRENCH IN DISTRICT FRS DAMS.

e USE OF ALTERNATIVE DELIVERY CONSTRUCTION CONTRACTS MAY ALLOW FOR MORE DETAILED GEOTECHNICAL
INVESTIGATIONS DURING CONSTRUCTION TO BETTER CHARACTERIZE SUBSURFACE CONDITIONS ALLOWING THE

USE OF OPEN—CUT EXCAVATIONS FOR THE CUT—OFF TO REDUCE COSTS.
( A AR
L [ and Associates, Inc.

~

Figure C-10. Preferred Alternative Vineyard Road FRS — Typical Section
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Figure C-14. Preferred Alternative — Vineyard Road FRS South Auxiliary Spillway Plan View
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Figure C-16: Emergency Spillway Inundation Areas - Vineyard Road FRS
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Figure C-17: Dam Failure Inundation Areas - Vineyard Road FRS
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Figure C-18: Emergency Spillway Inundation Areas - Rittenhouse FRS
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Figure C-18: Emergency Spillway Inundation Areas - Rittenhouse FRS


Figure C-19: Dam Failure Inundation Areas - Rittenhouse FRS
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Figure C-20. 100-year Floodplain Mapping With Dams In-Place
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1. INTRODUCTION

The Vineyard Road and Rittenhouse Flood Retarding Structures (FRS) were constructed by the
Soil Conservation Service (now the Natural Resources Conservation Service — NRCS) in 1968
and 1969, respectively, as part of the Williams-Chandler Watershed Protection and Flood
Prevention Project. The flood retarding structures are operated and maintained by the Flood
Control District of Maricopa County (District). Vineyard Road FRS, a 5.5 mile long, 16.5 foot
high earth dam, and Rittenhouse FRS, a 3.6 mile long, 24.3 foot high earth dam, provides flood
protection to downstream residents, structures, and infrastructure.

The FRSs have developed safety deficiencies and both dams are approaching on the original 50-
year project lifetimes. The embankments of the dams are experiencing longitudinal and
transverse cracking and the auxiliary spillways for each dam do not have the capacity to pass the
inflow design flood. In 2009, the District requested Federal planning and implementation
assistance for long-term solutions to the identified dam safety deficiencies. The rehabilitation of
the structures will require raising the dams with earthfill, replacing the existing principal
spillways with new risers and outlets, installing new embankment filters, raising the crest of the
auxiliary spillways, and providing structural auxiliary spillways. This Supplemental Watershed
Plan and Environmental Assessment (Plan/EA) determines the feasibility of rehabilitation the
FRSs to provide for continued flood protection while meeting current applicable local, State, and
Federal regulations

The above information is presented as the investigations, studies, and reports for the Powerline,
Vineyard Road and Rittenhouse Flood Retarding Structures Rehabilitation or Replacement
Project was conducted on a joint approach rather than on the individual dams and watersheds.
The following sections below are summaries of those studies and reports for the PVR project

USDA- NRCS January 2013
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2. HYDROLOGY AND HYDRAULICS

This section of the “Investigations and Analysis Report” provides a summary of the hydrologic
and hydraulics analysis in previous investigations as well as studies conducted by Kimley-Horn
for the PVR project.

2.1 Previous Studies

Previous existing conditions of the PVR FRS watersheds have been studied as part of the
following investigations:

=  “Desert Drive Area Study Existing Conditions Hydrology” (DDA Existing Conditions
Hydrology) by the Arizona State Land Department (ASLD, 2007)

0 The Arizona State Land Department conducted an existing conditions hydrology
study for an area of State Lands known as Desert Drive Area (DDA). The Desert
Drive Area study includes the PVR structures and their contributing watersheds.
The purpose of the hydrology study was to determine the rainfall runoff response
for the Desert Drive Area under existing conditions.

0 HEC- 1 models were developed for the 100-year, 200-year, 500-year, and PMF
storm events. The 100-year, 200-year and 500-year storm events were analyzed
for 6-hour and 24-hour storm durations. The PMF storms were analyzed for the
6-hour and 72-hour storms. For the Desert Drive Area downstream of the PVR
structures, only the 100-year, 6-hour and 24-hour models were developed.

= “Desert Drive Area Study Existing Conditions Inundation and Sedimentation Analysis
for PVR Structures (DDA Inundation and Sedimentation) by the Arizona State Land
Department (ASLD 2008).

o Thisis Volume Il of the Desert Drive Area study. This study utilized FLO-2D
software to create a two dimensional model of the discharges entering the PVR
structures. The FLO-2D model was completed in order to evaluate the
interconnected character of the PVR Structures and to determine the existing
condition inundation limits of the structures for the 100-year, 24-hour storm and
the 6-hour and 72-hour PMF events (full and half). The results of the analysis
provide overtopping depths and durations for each of the storms evaluated.

2.2 Hydrologic Design Criteria

The rehabilitation or replacement of the PVR structures must meet the most critical design
criteria between NRCS, ADWR and District hydrologic design criteria. The project must meet
both District and NRCS requirements for flood protection and District, NRCS and ADWR
requirements for dam safety. NRCS design criteria, flood protection, and dam safety
requirements are documented in “Earth Dams and Reservoirs,” Technical Release No. 60, dated
July 2005. ADWR design criteria and dam safety requirements are documented in the “Arizona
Administrative Code Title 12, Chapter 15, Article 12 — Dam Safety Procedures” dated June 12,
2000.

Per NRCS criteria for High Hazard Dames, the principal spillway design flood is the 100-year and
10-day storm, and the principal spillway must have: a) the capacity to prevent the auxiliary
spillway from functioning more frequently than the 100 year event. ADWR requires that the

USDA- NRCS January 2013
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principal spillway has capacity to evacuate 90% of the storage capacity in 30 days, excluding
reservoir inflows.

The NRCS auxiliary spillway design flood is based on the stability design hydrograph and
freeboard hydrograph. The stability design hydrograph is based on the 100-year 6-hour event and
the 6-hour PMP. The freeboard hydrograph is the hydrograph resulting from the critical PMP.
The auxiliary spillway must have the capacity to pass the stability design hydrograph at safe
velocity and pass the freeboard hydrograph with a water surface at or below the top of the dam
(no freeboard). The ADWR auxiliary spillway design flood and inflow design flood (IDF) will
range from 0.5 to the full PMF, with size increasing based on the persons at risk and the potential
for downstream damage. The auxiliary spillway capacity must be sufficient to pass the IDF plus
freeboard requirements, which (for new or unsafe dams) require the largest of: a) the sum of the
IDF maximum water depth above the spillway crest plus wave run up; b) the sum of the IDF
maximum water depth of the spillway crest plus 3 feet; or ¢) a minimum of 5 feet from the
auxiliary spillway crest to the dam crest.

NRCS stability design requirements include that the auxiliary spillway maximum stress
limitations must not be exceeded for the stability design hydrograph. The integrity of the
spillway must also be evaluated to ensure the spillway will not breach (headcut will not advance
beyond the upstream edge of the level part of the inlet channel) during passage of the freeboard
hydrograph.

2.3 Probable Maximum Precipitation/Probable Maximum Flood

Kimley-Horn prepared the “Final PMP Technical Memorandum” (Kimley-Horn, 2010) to
provide a planning level recommendation of the anticipated percent reduction in probable
maximum precipitation (PMP) rainfall depths when using a site-specific approach compared to
traditional HMR-49 methods. Kimley-Horn calculated the HMR-49 PMP values for each
individual structure watershed rather than as a whole for all three structures. Based on the
available results and findings of the Magma FRS site specific studies and the relatively close
proximity of the dam to the PVR structures, Kimley-Horn recommended a percent reduction of
10%, 30% and 25% for the 6-, 24-, and 72-hour storms, respectively.

The recommended planning level PMP was input into PVR FRSs HEC-1 models to develop the
planning level PMF for each structure. The controlling storm for the PVR structures, based on
this analysis, is the 6-hr PMP local storm. .

2.4 Existing and Future Conditions Hydrology and Hydraulics Update

Kimley-Horn prepared the “Existing and Future Conditions Hydrology and Hydraulics Update
Technical Report” (Kimley-Horn, 2010) to document hydrologic and hydraulic updates for
existing and future land use conditions associated with each FRS. The results of the hydrology
and hydraulics study provide baseline conditions for the three structures.

Multi-frequency inflow hydrographs were developed for the existing and future conditions 100-
year, 6-hour and the 2-, 5-, 10-, 25-, 50-, 100- and 500-year, 24-hour storms, and the 6-hour, 24-
hour and 72-hour probable maximum flood (PMF).

2.5 Level Pool Analysis Results
Powerline FRS experiences no flow in the auxiliary spillway for any of the existing conditions
multi-frequency (2 yr through 500 yr) events. The future conditions land use for Powerline FRS
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results in auxiliary spillway flow only during the 500-year, 24-hour storm event at a depth of 0.5
ft.

Vineyard Road FRS experiences flow in the auxiliary spillway for the 500-year, 24-hour existing
conditions storm event at a depth of 0.5 ft in the south spillway. The 500-year, 24-hour event is
the only existing conditions auxiliary flow for Vineyard Road FRS. The future conditions land
use 100-year, 24-hour event for Vineyard Road results in a flow depth of 0.6 ft in the south
auxiliary spillway. The future conditions land use 500-year, 24-hour event results in a flow depth
of 1.8 ft in the south auxiliary spillway and 1.2 ft in the north auxiliary spillway.

Rittenhouse FRS experiences flow in the auxiliary spillway for the 500-year, 24-hour existing
conditions storm event at a depth of 1.0 ft. The 500-year, 24-hour event is the only existing
conditions auxiliary flow for Rittenhouse FRS. The future conditions land use 100-year, 24-hour
event for Rittenhouse FRS results in a flow depth of 0.6 ft in the auxiliary spillway. The future
conditions 500-year, 24-hour event results in a flow depth of 1.9 ft in the auxiliary spillway. The
future conditions land use “with retention” results in no flow for the 100-year 6-hour or 100-year
24-hour events.

For all three FRSs, the future conditions multi-frequency peak flow rates, peak storage volumes
and peak stages increase relative to existing conditions. The percent increase is highest during
more frequent return intervals (i.e. the 2-year storm event) and lowest during less frequent return
intervals (i.e. the 500-year event). Both the 100-year 6-hour and 100-year 24-hour future
conditions with retention models for all three FRSs result in a decrease in peak storage volume
and peak stage and no outflow in the auxiliary spillways.

The 6-hour reduced PMP overtops the Powerline FRS crest by 0.6 ft in both the existing and
future conditions. The structure is not overtopped in the existing or future conditions 24- and 72-
hour reduced PMP events.

The existing conditions 6- and 72-hour reduced PMP events overtop the Vineyard Road FRS
crest by 1.2 and 0.8 ft, respectively. The future conditions 6-, 24- and 72-hour reduced PMP

events all overtop the Vineyard Road FRS crest by 1.3, 0.4 and 0.7 ft, respectively. Vineyard
Road FRS is not overtopped in the 24-hour existing conditions reduced PMP event.

Rittenhouse FRS is overtopped in all existing and future conditions reduced PMP events. The
existing conditions 6-, 24- and 72-hour reduced PMP events overtop the Rittenhouse FRS crest
by 1.0, 0.1 and 0.3 ft, respectively. The future conditions 6-, 24- and 72-hour reduced PMP
events overtop the Rittenhouse FRS crest by 1.0, 0.1 and 0.2 ft, respectively.

2.6 Dynamic Reservoir Routing Results

HEC-1 existing conditions inflow hydrographs developed for the 100-year, 6-hour and 100-year,
24-hour storms and the 6-, 24- and 72-hour reduced PMP storms were used to update the
dynamic reservoir routing FLO-2D models prepared as part of the “DDA Inundation and
Sedimentation” (ASLD, 2007). The FLO-2D models were used to generate auxiliary spillway
outflow hydrographs and freeboard estimates for each FRS.

2.7 Principal Spillway Hydrograph, Stability Design Hydrograph and Freeboard
Hydrograph

Kimley-Horn prepared the “Principal Spillway Hydrograph, Stability Design Hydrograph and
Freeboard Hydrograph Technical Memorandum” (PSH, SDH and FBH Technical Memorandum,
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Kimley-Horn 2010) to document the future land use conditions principal spillway hydrograph
(PSH) analysis and the existing and future conditions stability and integrity analysis for the
existing PVR auxiliary spillways.

Kimley-Horn used the PVR FRSs Existing Conditions PSH Analysis single basin models as the
basis for the future land use PSH analysis. The NRCS SITES Analysis Computer Program was
used to complete the analysis. Future conditions land use was taken from the “Existing and
Future Hydrology and Hydraulics Update” (Kimley-Horn, 2010). The time for PSH drawdown
increased for Powerline and Vineyard Road FRSs during future conditions. The PSH drawdown
did not change for Rittenhouse FRS because the composite CN value did not change for future
land use conditions. None of the FRSs experience auxiliary spillway flows during the 100-year,
10-day event for existing or future land use conditions.

An existing and future conditions stability and integrity analysis for the existing PVR auxiliary
spillways was completed. The 6-hour reduced PMP storm event was determined to be the
critical storm duration for each FRS in the “Final PMP Tech Memo” (Kimley-Horn, 2010) and
was used to develop the SDH and FHB.

Precipitation depths used for the FBH and SDH equation were taken from the “Existing and
Future Conditions Hydrology and Hydraulics Update Technical Report” (Kimley-Horn, 2010).
The reduced PMP value was used for the SDH and FBH. SDH and FHB were calculated using
the 6-hour HMR-49 distribution.

Precipitation depths were input in HEC-1 models from the “Existing and Future Conditions
Hydrology and Hydraulics Update Technical Report” (Kimley-Horn, 2010h) to determine the
flood hydrographs at each structure. HEC-1 inflow hydrographs were imported into FLO-2D
and dynamically routed through the reservoir to obtain the spillway hydrographs. The
hydrographs were then input into SITES to evaluate the stability and integrity of each auxiliary
spillway.

The allowable stress for each spillway was calculated using a spreadsheet developed by the
NRCS that follows Agricultural Handbook (AH) 667 and TR-60 methodology. The soil
effective stress was obtained from the SITES output file for each spillway and compared to the
calculated allowable stress. The soil is stable for Vineyard Road and Rittenhouse auxiliary
spillways under existing conditions with the SITES soil effective stress being less than the
calculated allowable stress. The soil is erodible for Powerline auxiliary spillway under existing
conditions where the effective stress is greater than the calculated allowable stress. Under future
conditions, the soil is stable for the Vineyard Road north and Rittenhouse auxiliary spillways.
The soil is erodible for the Powerline and Vineyard Road south auxiliary spillways.

An integrity analysis was completed for each auxiliary spillway using the SITES model. There
are four spillways, one at Powerline, two at Vineyard Road, and one at Rittenhouse. Soil borings
were taken at each spillway and documented in detail in the “Final Geotechnical Summary and
Analysis Report” (AMEC, 2010).

Representative soil parameters were selected from the available laboratory results for each
SITES material. Spillway profiles used in the analyses are a composite of the as-built spillway
profiles and the existing topography spillway profiles prepared by AMEC (AMEC, 2010). The
profiles were simplified to include a 50-ft long control crest section followed by a constructed
exit channel at a constant slope. A non-constructed spillway section was extended beyond the
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constructed spillway section to the valley floor in each spillway profile. All four auxiliary
spillways breach under both existing and future conditions. The time to breach ranges from 7.0
to 8.5 hours for the PVR FRSs.

2.8 Downstream Inundation Analysis

The “Downstream Inundation Hydrology and Mapping Technical Memorandum” (JEF, 2010)
provides inundation data downstream of the PVR structures to support the economic analysis for
subsequent alternatives evaluation and selection.

Both the “with dams” and “without dams” 2-, 5-, 10-, 25-, 50-, 100-year 24-hour, and 100-year
6-hour storm events were dynamically routed using FLO-2D through the watershed downstream
of the PVR FRSs. Inflow hydrographs at the PVR FRSs used in the FLO-2D model were
obtained from the multi-frequency analysis conducted as part of the “Existing and Future
Conditions Hydrology and Hydraulics Update” (Kimley-Horn, 2010). A single, areal reduced
point precipitation depth was applied to the downstream watershed to generate runoff within
FLO-2D. The results show substantially shallower and moderate flooding across the
downstream watershed for the “without dams” scenario than the “with dams” scenario.

2.9 Sediment Yield Analysis Update

The Flood Control District conducted an updated projected sediment yield analyses for the
existing PVR structures for the purposes of the PVR FRS Rehabilitation or Replacement project
(Flood Control District December, 2010) for future hydrologic land use conditions.

The methodology used by the District to estimate the sediment yield can be found in the
District’s River Mechanics Manual for the Drainage Design Management System for Windows
(DDMSW version 4.6.0). The District used the DDMWS version 4.6.0 (with river mechanics) to
determine total sediment yield. The total sediment yield consists of wash load and total bed
material load. The wash load is calculated with the MUSLE method, and the total bed material load
is calculated with the Zeller-Fullerton equation (Zeller and Fullerton, 1983), which is based on the
assumption that the reach is at an equilibrium condition.

The District’s results are summarized in the following table.

Summary of Sediment Yield Analysis Update

25-Year 100-Year
Sediment Contributing | Sediment Sediment
FRS Yield Area’ Volume Volume
[ac-ft/mi®/yr] | [mi?] [ac-ft] [ac-ft]
Powerline 0.238 34 203 810
Vineyard Road 0.272 53 361 1442
Rittenhouse 0.151 42 160 641

The NRCS criteria for sediment storage for dams may be found in Technical Release 60, Earth
Dams and Reservoirs (TR-60). TR-60 refers to the NRCS publication National Engineering
Handbook (NEH) No 3 — Sedimentation (NEH-3) for criteria and general guidelines for
estimating sediment yield. The NRCS National Watershed Program Manual (NWM) (Dec,
2009) provides guidelines for the rehabilitation of existing dams and sediment storage volume
requirements. On page 78, Section 505.35, B, paragraph iii states that for the rehabilitation of an
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existing dam: “Sediment storage life will be for the longest reasonable period practical (100
years maximum) but in no case will the evaluation life be less than 50 years”.

2.10 Freeboard

Freeboard was estimated as the sum of wave runup plus wave setup in accordance with
procedures described in Freeboard Criteria and Guidelines for Computing Freeboard Allowances
for Storage Dams, ACER Technical Memorandum No. 2 by the United States Bureau of
Reclamation (USBR), revised in 1981 (ACER-TM2). Wave runup is the movement of water up
a structure on the breaking of a wave and the amount of runup is the vertical height above still
water level. Wave setup is the vertical rise in the still water on the leeward side of a body of
water caused by the wind stresses on the surface of the water. The two are summed for wave
action.

The existing embankments for the PVVR structures have been in place since 1968-1969 and are
assumed fully settled. For the purposes of this planning level study, it is assumed that additional
freeboard to compensate for future settlement is not required. Freeboard also accounts for
anticipated future land subsidence at each structure.

2.11 Level Il Hydrology and Hydraulics Technical Memorandum

The purpose of this Hydrology and Hydraulics Technical Memorandum was to document the
hydrologic and hydraulic approach, methodology and results for evaluation of the Level Il
planning alternatives for the PVR project. This hydrologic and hydraulic study was used to
conduct preliminary evaluations of the identified alternatives.

The scope of this study was to conduct updated hydrologic/hydraulic analyses to evaluate future
project alternative conditions for the PVR Level 11 analysis planning alternatives. Previous
hydrologic and hydraulics studies conducted by Kimley-Horn for existing PVR conditions are
used as a baseline and updated for project alternatives. The tasks performed in developing this
memorandum are listed below.

= Update previously prepared HEC-1 hydrologic models for five planning alternatives.

= Conduct FLO-2D modeling for the five planning alternatives. Model alternatives
including dam rehabilitation for the inflow design flood and alternatives including basins
and channels for the 100-year, 24-hour storm.

2.12 Final Level 111 Alternatives Summary Report

This report documents the evaluation of Level 111 alternatives for the PVVR structures and
presents the results of the analysis of those alternatives. The analysis includes hydrology and
hydraulics for each of the Level 111 alternatives, geotechnical and geohazard evaluation,
identification of existing and planned utility corridors and transportation infrastructure,
development of conceptual landscape themes and recreational opportunities, and development of
preliminary construction cost estimates.

The hydrology and hydraulics evaluations of two planning alternatives were conducted as part of
the Level 111 study. Updated rating curves for the auxiliary spillways and for Vineyard Road and
Rittenhouse FRSs were prepared and documented in Appendix C of the report. These updated
rating curves were input into FLO-2D models to evaluate the operational response of the
alternatives.
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3. ECONOMICS

This section provides an abbreviated summary of the economic evaluation conducted in support
of the Supplemental Watershed Plan and Environmental Assessment for the PVR project. The
reader is referred to the full economic evaluation technical memorandum for further details and
information.

The PVR economic evaluation is documented in the following report:

= Powerline, Vineyard Road and Rittenhouse Flood Retarding Structures Supplemental
Watershed Plan/Environmental Assessment Economics Evaluation Technical
Memorandum. (Gannett Fleming Inc. January, 2013)

3.1 Economics Evaluation Technical Memorandum Summary

The economics evaluation was prepared in support of the Powerline, Vineyard Road and
Rittenhouse Flood Retarding Structure Supplemental Watershed Plan and Environmental
Assessments (Plan/EAs). The memorandum describes the methodology and summarizes the
results of the benefit-cost analysis. The analysis was conducted on the following two
alternatives:

= Alternative 8A: Replace Powerline FRS, Rehabilitate Vineyard Road FRS, and convert
Rittenhouse FRS to a levee,
= No Federal Action Alternative (Future Without Project)

The benefit-cost analysis follows the procedures outlined in the Economic and Environmental
Principles and Guidelines for Water and Related Land Resources Implementation Studies
(P&G), the Natural Resource Economics Handbook Part 611 — Water Resources and the
National Watershed Manual (Dec 2009). All values in the analysis are in 2012 prices and all
annual values have been discounted using the FY2012 federal discount rate for water resources
projects of 3.750 percent. Economic values were derived based on each of the three dams as a
single analysis unit.

The study area for the economics evaluation encompasses approximately 54.5 square miles
immediately downstream of the Powerline, Vineyard and Rittenhouse dams in Maricopa and
Pinal Counties, AZ. The study area for the project was defined as the limits of the 100-year
floodplain downstream of the three dams without the dams in place. This area encompassed the
farthest extent of flooding for the combination of alternatives and storm events examined within
the scope of the project. Study area land uses include agriculture, residential, commercial,
industrial, institutional, and infrastructure.

3.1.1 Study Area Inventory

To identify study area land uses, GIS tax parcel data was obtained from the Maricopa and Pinal
Counties Tax Assessor’s Offices. A database of tax parcels within the study area limits was
created using ArcGIS. The parcels were then divided using the Assessor’s Use Code
descriptions into the following categories:

= Residential — existing residential properties

= Residential(new) — residential properties under construction, or imminently to be
constructed

= Commercial/Industrial — existing commercial and industrial businesses, Phoenix-Mesa
Gateway Airport
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= Institutional — K-12 schools, churches, college campuses, federal, county and municipal
properties

= Agricultural — active agricultural land

= Agricultural(structures) — parcels including both active agricultural land and agricultural
buildings

= Infrastructure — roads, irrigation districts, utilities’ right-of-way

= Vacant — vacant land (regardless of zoning designation)

The accuracy of the parcels database and Use Codes was verified through a fieldview and
examination of aerial photography.

Population-at-Risk (PAR)

The population benefiting from the dams consists of the population that would be inundated by
an uncontrolled breach of the dam. Dambreak scenarios for each FRS were previously modeled
for the “Powerline, Vineyard and Rittenhouse Flood Retarding Structures Emergency Action
Plan” (FCD 2006).

The estimated population within the dambreak floodplain limits, based on the structures
inventory, were estimated and provided in the memorandum. Where the dambreak floodplain
limits fell outside of the study area, the estimated number of residential structures was
extrapolated based on a percent increase or decrease in the study area population (i.e., the
Rittenhouse FRS dambreak limits were 14% larger than the overall study area, so the population
of the study area was multiplied by 1.14 to estimate the dambreak population). This
extrapolation was verified with aerial mapping denoting approximate population density.
Household size was estimated using 2010 U.S. Census Bureau demographic data on average
household size for Maricopa and Pinal Counties. The estimate (2.73 persons) is an average of
the two counties (2.67 and 2.78 persons, respectively).

For commercial/industrial and institutional structures, population estimates were based on
daytime occupancy. Commercial/industrial and institutional structures estimates were based on
the structures inventory. The Phoenix-Mesa Gateway Airport falls within the dambreak
floodplain for all three dams, and so was included in each population at risk estimate. The
average occupancy at the airport was estimated using data from the Phoenix-Mesa Gateway
Airport Authority’s report, Economic Benefit Analysis, FY 2010. Average occupancy at Arizona
State University Polytechnic Campus was estimated to be approximately 1/2 of the annual
enrollment of 9,700 students. Average occupancy at Mesa Community College, a commuter
campus, was estimated to be approximately 1/4 of the annual enroliment of 27,000 students.

For the portion of the dambreak area outside the project study area, 2010 U.S. Geological Survey
GIS data was used to identify additional schools. It was outside the scope of the analysis to
identify additional commercial/industrial and other institutional structures individually for the
portion of the dambreak area outside the project study area. Instead, the number of these
structures was extrapolated based on study area totals.

The PAR estimated in the technical memorandum represents a conservative approach and
estimate.
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3.2 Hydraulic Model

Hydraulic modeling of the downstream inundation area with and without the PVR structures was
prepared using the FLO-2D flood routing model, version 2009.06. A 500-foot by 500-foot grid
was developed for the computational domain area and ground elevations were obtained from the
District’s 10-foot topography with supplemental 2-foot contour data sets from the District.

Further details regarding the hydrologic and hydraulic modeling conducted for the project can be
found in the following references:

= “PVR Existing and Future Conditions Hydrology and Hydraulics Update Technical
Report”, Kimley-Horn and Associates, Inc., November 2010.
= “PVR Downstream Inundation Study”, JE Fuller, Inc., November 2010.

Appendix A of the technical memorandum for floodplain delineation mapping shows the
inundation limits for the 2-year, 5-year, 10-year, 25-year, 50-year, and 100-year storm events for
each scenario.

3.3 Benefits: Preferred Alternative and No Federal Action Alternative
Benefits were estimated for the following two alternatives:

= Alternative 8A: Replace Powerline FRS, Rehabilitate Vineyard Road FRS, and convert
Rittenhouse FRS to a levee (Preferred Alternative)
= No Federal Action Alternative (Future Without Project)

The No Federal Action/Future Without Project represents the sponsor’s most likely course of
action in the absence of federal funding. For this study, the “No Federal Action/Future Without
Project Alternative” was defined as the following:

The District would continue to operate and maintain the Powerline, Vineyard Road, and
Rittenhouse Flood Retarding Structures under existing conditions until the end of the
structures’ design lives. The structures would continue to have identified safety
deficiencies and would not meet current NRCS and ADWR performance standards.
Under this alternative, the structures would continue to provide flood protection until and
if there is a sudden breach event. This condition is unacceptable to the District and
NRCS.

The District has indicated that without federal financial assistance, sufficient funds are
not available to rehabilitate or replace the structures in a timely manner. The District
recognizes, however, that there remains a need to address the existing safety
deficiencies. Therefore, the District would eventually rehabilitate or replace the dams
one at a time as non-federal funds become available. The District estimates that
rehabilitation/replacement using local funds would occur (after approval of the
Supplemental Watershed Plan)for the first structure in year 20, the second structure in
year 25, and the third structure in year 30.

This alternative is not acceptable to the Sponsors and local community as a viable
solution, since the structures would continue to have safety and performance deficiencies
and continue to pose a significant risk of catastrophic failure until such time of the
structures’ eventual rehabilitation, replacement or removal from service.

Because both of the alternatives, including the No Federal Action/Future Without Project,
continue to provide flood protection throughout the project life, the benefits are same for each
alternative.
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Benefits for the project were based upon the reduction of flood damages. Flood damages under
both a With Dams and Without Dams scenario were estimated. The difference in flood damages
between the two scenarios can be considered a benefit of retaining flood protection.

To analyze each dam as a single analysis unit, the downstream study area was reviewed by
project hydrologists to provide an approximate demarcation of flooding impacts attributable to
each dam. The study area was divided into four regions: one region for the floodplain of each
dam, and a fourth region where Vineyard FRS and Rittenhouse FRS have overlapping
floodplains (see Figure 1). Benefits for the overlapping floodplain were allocated by each FRS’s
percent control, measured by a comparison of total acre feet retained behind each structure. It
was determined that the storage capacity behind the two dams was nearly identical and benefits
were allocated accordingly at 50% for each dam.

3.4 Costs: Preferred Alternative and No Federal Action Alternative

Cost estimates for each alternative were developed by project engineers in conjunction with
NRCS and the Flood Control District of Maricopa County.

Average annual equivalent costs for each alternative were prepared. Costs were brought to
present value using the 2012 federal water projects discount rate of 3.750 percent, amortized
over the 103-year project analysis period, and described in annual terms for comparison to
project benefits. The net present value calculation assumed that flood protection would remain
in place for all alternatives throughout the project life. Under the No Federal Action Alternative,
Powerline FRS was assumed to be reconstructed in project year 20, with Vineyard and
Rittenhouse reconstructed in years 25 and 30, respectively. For the build alternatives,
construction was assumed to occur in three years. Project administration, permitting and
engineering costs for all alternatives were assumed to occur one year prior to construction.

Annual operation and maintenance costs (O&M)for the Preferred Alternative were estimated by
project engineers. For the No Federal Action alternative, O&M costs were assumed to be
approximately $512,000 per year until the dam is rehabilitated or replaced. After
rehabilitation/replacement, O&M costs were assumed to be equivalent to the Preferred
Alternative O&M estimates.

3.4.1 Benefit-Cost Ratio

For water and related land resources implementation studies, standards and procedures have been
established in formulating alternative plans. These standards and procedures are found in the
Economic and Environmental Principles and Guidelines for Water and Related Land Resources
Implementation Studies (P&G). According to P&G, an alternative that reasonably maximizes
net national economic development benefits is to be formulated. This alternative is to be
identified as the National Economic Development (NED) plan. A comparison of the alternatives
was provided in the technical memorandum.

The Preferred Alternative (8A) is the plan that reasonably maximizes the net benefits and is
therefore identified as the NED plan. It can be noted that for all three dams, the net benefits
shown in the tables are higher for the No Federal Action alternative than for the Preferred
Alternative. This occurs because the No Federal Action alternative assumes that the dams would
not be rehabilitated or replaced until 20-30 years into the future. In the interim, the dams would
continue to provide flood protection benefits. Therefore, the costs of No Federal Action are
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lower, while the benefits remain the same. However, the No Federal Action alternative does not
meet the purpose and need of the project because it does not remove the safety risk presented by
the aging dams for two decades into the future. This is judged to be an unacceptable risk to
human life and property by NRCS and the sponsor. For dam rehabilitation projects with risk to
human life, NRCS policy defines the NED Alternative as the “federally assisted alternative with
the greatest net economic benefits.” Therefore, the Preferred Alternative (8A) has been
identified as the NED alternative.

The Preferred Alternative results in a benefit to cost ratio of 0.1 to 1.0 for Powerline FRS, a ratio
of 0.1 to 1.0 for Vineyard FRS, and a ratio of 0.1 to 1.0 for Rittenhouse FRS. The benefit to cost
ratio for the dams are less than 1.0, but still provides the greatest net benefits (or fewest negative
net benefits) of any alternative that meets the purpose and need of the project.

3.4.2 Risks and Uncertainty

The areas of risk and uncertainty associated with the economic analysis include uncertainty
associated with the hydrologic and hydraulic modeling, simplifying assumptions used to run the
URB-1 model, and uncertainty related to the future changes in cost estimates as engineering
design progresses.

Hydrologic modeling over a wide swath of floodplain introduces an element of uncertainty in
estimating attenuation and resulting peak flows. The hydraulics analysis relies partially on
engineering judgment and experience to designate ineffective/effective flow areas over the wide
and shallow floodplain of the study area.

Several simplifying assumptions were used to create input for the URB-1 model. Parcel
elevations were determined using topographic contour data. Residential parcels were
proportionally assigned as either a single story or two-story residence based on the fieldview
determination that these two housing types were interspersed throughout the study area. Content
values for parcels were estimated based on a percentage of their tax assessed structure value.
The structure and contents value for some parcels were estimated using Marshall Valuation
Service data. While these assumptions represented the best methodology available within the
scope of the analysis, the model results may slightly overestimate or underestimate damages due
to the simplifying assumptions used to create the input data.
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4. GEOTECHNICAL

This section provides an abbreviated summary of the geotechnical investigations and analyses
for the PVR project. The reader is referred to the full geotechnical reports for further details and
information in regards to the PVR structures.

The PVR geotechnical studies are documented in the following reports:

= “Powerline, Vineyard Road and Rittenhouse Flood Retarding Structures Rehabilitation or
Replacement Project Final Geotechnical Summary and Analysis Report”. (AMEC
August, 2010)

= “Powerline, Vineyard Road and Rittenhouse Flood Retarding Structures Rehabilitation or
Replacement Project Final Filter Alternatives Memorandum”. (AMEC May, 2012)

4.1 Final Geotechnical Summary and Analysis Report

The purpose of the “Final Geotechnical Summary and Analysis Report” was to provide an
overview of the existing geological and geotechnical conditions at the three dams. The results,
findings and conclusion of the report were used by the project team in its development and
evaluation of dam rehabilitation and/or replacement alternatives.

The geotechnical summary report presents summaries of the original geotechnical investigations,
design and construction of the three dams and the Powerline Floodway; the subsequent
geological and geotechnical investigations performed to evaluate cracking of the dams; and the
methods of repairing the structures conducted previously. The history and causes of the cracking
and the modifications that were made to safeguard against failure of the structures were
presented and discussed, as was the current understanding of the geotechnical conditions of the
embankments and foundation soils. This report also presents a description of the geological
setting of the study area, an overview of the condition of the principal outlets and other
penetrations in the embankments, and a characterization of the subsurface conditions at the
auxiliary (emergency) spillways.

4.1.1 Previous Investigations

The Geotechnical Summary Report reviewed and provided summaries of eighteen (18) previous
geotechnical related investigations for the PVR structures. This “Existing Conditions Summary
Report” does not provide a synopsis of this summary provided in the Geotechnical Summary
Report. The reader is referred to the Geotechnical Summary Report.

4.1.2 Planning Geotechnical Investigation

Field investigations conducted as part of the PVR project were based on the District’s
identification of a need to rehabilitate and/or replace the Powerline, Vineyard Road and
Rittenhouse FRS dams. Locations of borings, test pits, test trenches and seismic refraction
survey lines performed during previous investigations were plotted on site plans of the three
structures. Based on a review of these data, 41 additional exploration borings and four additional
seismic refraction surveys were conducted to fill in data gaps and further characterize geological
and geotechnical conditions at and adjacent to the dams and the Powerline Diversion Channel.

4.1.3 Regional Geologic Setting

The PVR study area is near the junction of the Mexican Highland and Sonoran Desert sections of
the Basin and Range physiographic province, just southwest of the boundary between the Basin
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and Range and Transition Zone physiographic provinces. The boundary between these two
provinces is marked by the western edge of the Superstition and Goldfield mountains, which rise
abruptly above the valley floor. These mountain ranges also mark the eastern margin of the
down-dropped Phoenix Basin, which underlies much of the Phoenix metropolitan area and
extends westward to the Sierra Estrella and White Tank Mountains. The Phoenix Basin formed
between approximately 8 and 15 million years ago after cessation of the volcanic activity that
formed the bulk of the Goldfield and Superstition mountains.

The Phoenix Basin is subdivided into several sub-basins. The study area is within the Mesa-
Chandler sub-basin. On the west, this sub-basin is partially separated from the central Phoenix
Basin by the bedrock highs of the Tempe Butte area. The Mesa-Chandler sub-basin is bounded
by the Goldfield and Superstition mountains on the north and northeast, by Mineral Mountain on
the east, and by the Santan Mountains on the southwest.

4.1.4 Local Geomorphic Setting

The Powerline FRS is underlain by deposits typical of a basin floor and identified as fine-grained
distal alluvial fan/alluvial plain and terrace deposits with little soil development. These basin
floor deposits are incised by younger Holocene piedmont and intramontane deposits identified as
channel deposits of ephemeral streams consisting of stratified sand, silt, pebbles, cobbles and
boulders with little or no soil development.

The northern and central portions of the Vineyard Road FRS are underlain by an upper horizon
of fine-grained alluvial fan and terrace deposits consisting of sand, silt and fine gravel. The
southern portion of the Vineyard Road FRS and the Rittenhouse FRS are underlain by an upper
horizon of piedmont and intramontane, low terrace and alluvial fan deposits consisting of poorly
sorted silt, sand, pebbles, cobbles and boulders with weak soil development. These deposits
have minimal soil development and are all incised by ephemeral streams containing channel
deposits of stratified sand, silt, pebbles, cobbles and boulders with little or no soil development.
These near-surface deposits, which are similar to the Holocene soils described throughout this
report, are underlain by moderately to strongly cemented, predominantly fine-grained Late
Pleistocene deposits.

4.1.5 Local Geologic Setting
Surface Geology

The Powerline FRS is underlain by four geologic units: Holocene Alluvial Channels Holocene
Alluvial Surface; Undifferentiated Holocene Alluvium and Holocene to Late Pleistocene
Alluvium.

The Vineyard Road FRS is underlain by five geologic units: Holocene Alluvial Channels;
Holocene Alluvial Surface; Undifferentiated Holocene Alluvium; Holocene to Late Pleistocene
Alluvium; and Late Pleistocene Alluvium. The geologic units are the same units described
above for the Powerline FRS, with the exception of Late Pleistocene Alluvium, which occurs at
the far southern limit of the structure.

The Rittenhouse FRS is underlain by four geologic units: Holocene Alluvial Channels; Holocene
Alluvial Surface; Late Pleistocene Alluvium; and Middle to Late Pleistocene Alluvium. The first
three geologic units have been described above for the Powerline and Vineyard Road FRS. The
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fourth unit Middle to Late Pleistocene Alluvium is located beneath the southernmost portion of
the FRS.

Near-Surface Geologic Profile

The FRSs are underlain by shallow low-density soils that were deposited at the distal end of
coalescing alluvial fans during the Holocene era (the last approximately 11,000 years). The soils
were deposited during semiarid climatic conditions similar to present-day conditions, and the
depositional processes included sediment transport in channels and periods of flooding which
resulted in avulsion of braided channels, debris flows and mudflows. These processes resulted in
a high degree of stratification and variation in soils types. The Holocene soils typically vary from
10 to 20 feet in thickness and are dominated by sandy clay and clayey sand with subordinate
amounts of silty sand, sandy silt and sandy gravel.

The Holocene soils are uncemented or exhibit discontinuous Stage | calcareous (lime)
cementation, and are predominantly moderately firm to firm with some soft and very firm zones.
The Holocene soils have a high potential for collapse settlement, and typically experience from 2
to 6 percent of vertical strain upon wetting under their own weight or low superimposed loads.

The Holocene soils are underlain by Late Pleistocene alluvium primarily consisting of silty sand,
clayey sand, gravelly sand and sandy clay. These soils typically possess Stage Il or 11l calcareous
cementation, are characterized as being very firm to hard with some firm zones, and are
essentially incompressible from the viewpoint of contributing to settlement of low embankments.
Based on a review of geotechnical investigations conducted in the study area, it appears that the
thickness of the Holocene soils varies considerably over short distances, suggesting that the
contact between the Holocene and Pleistocene soils is a buried erosional surface with
considerable past relief.

The depth of the Holocene/Pleistocene contact below the original ground surface, the depths of
the cutoff trenches along the upstream side of the dams, and the depths of the central drains
within the embankments are important considerations when considering several of the potential
failure modes for the structures. The potential presence of poor foundation conditions beneath
the dams and how these conditions relate to potential failure modes are discussed in Section 5.5
of this section.

415.1 SoIL PROFILES UNDERLYING STRUCTURES BASED ON ALL GEOTECHNICAL
INVESTIGATIONS

The following descriptions of the geotechnical profiles at the structures are based on a review of
published literature and available boring and test pit logs from previous geotechnical
investigations and the results of subsurface investigations completed as part of this study.

Powerline FRS

The geotechnical profile underlying the Powerline FRS is best described as a three-layer profile.
Unit P1 consists of Holocene soils with little to no cementation; Unit P2 is composed of
Holocene to Late Pleistocene soils with little to no cementation; and Unit P3 soils are Pleistocene
in age with Stage 11 to 1l cementation. The units are described below.
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Vineyard Road FRS

The geotechnical profile at the Vineyard Road FRS is similar to the profile at the Powerline FRS,
but it is best described as a two-layer profile rather than a three-layer profile. Unit V1 consists of
Holocene soils with little to no cementation, and Unit V2 is composed of cemented Pleistocene
soils that are similar to Unit P3 of the Powerline FRS. The number of seismic lines completed
along the Vineyard Road FRS is not sufficient to characterize the subsurface seismic velocity
profile in the same detail as at the Powerline FRS.

Rittenhouse FRS

The geotechnical profile underlying the Rittenhouse FRS varies from north to south. Soils
beneath the northern portion of the dam (Stations 115+00 to 210+00) are similar to the soils
underlying the Vineyard Road FRS. Most of these soils classify as silty to clayey sand or silty
clay with some sand. These soils are best described by a two-layer profile similar to the profile
benea